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INTRODUCTION 


Recent studies (7) indicated that the activity of 
cathepsin preparations from the Murphy rat 
lymphosarcoma was inhibited by reagents which 
react with the sulfhydryl groups on the enzyme 
protein. The present studies were undertaken to 
determine whether this reaction is characteristic 
of the cathepsins of normal calf spleen and thymus. 


MATERIALS AND METHODS 
ENZYME PREPARATIONS 


The enzyme preparations were separated from 
normal spleen and thymus by a method previously 
described in detail (7,2). The most active enzyme 
fractions were found to be associated with the 
pseudoglobulin after dialysis of the precipitated 
globulin fraction of the tissues. Following pre- 
cipitation of the pseudoglobulin by 40-percent 
saturation with ammonium sulfate, the protein 
with catheptie activity was precipitated from the 
filtrate by complete saturation with ammonium 
sulfate. Effort was made to protect any potent 
—SH groups on the protein by keeping the mate- 
rials cold and at an acid pH. After dialysis, the 
preparations were lyophilized and stored in vac- 
uum desiccators. Five spleen-cathepsin and four 
thymus-cathepsin preparatitons were made, and 
those with the most potent catheptic activity were 
used. 


INHIBITORS 


The pretreatment of the enzymes with the sulf- 
hydryl-testing reagents as inhibitors was similar 
to that described for the experiments with the 
cathepsin from the Murphy rat lymphosarcoma 
(1). The enzymes were dissolved in phosphate 
buffers at pH 7.0 or 7.5 and then treated with in- 
creasing amounts of inhibitor for 1 or 2 hours. 
Commercial 0-iodosobenzoic acid was purified ac- 
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cording to the method of Hellerman, Chinard, and 
Ramsdell (-). The iodacetamide was prepared in 
this laboratory according to the procedure of 
Braun (4). The p-chloromercuribenzoate was 
prepared according to the method of Whitmore 
and Woodward (5). The trivalent organic arseni- 
cal, 3-amino-4-hydroxyphenyldichlorarsine hydro- 
chloride, was obtained from the Laboratory of 
Biologics Control, National Institute of Health. 
The concentrations of inhibitors are given in micro- 
moles (M x 10°) per milligram enzyme in 1 ce. 
buffer. The percent of inhibition was calculated 
by using the optimal activity at pH 3.5, without 
pretreatment, as 100 percent. The total inhibi- 
tions are given since it could not be determined 
how much inhibition was caused by the alkaline 
reaction of the digest in the presence of the in- 
hibitors. 


DETERMINATION OF CATHEPTIC ACTIVITY 


The catheptic activities were determined by a 
modification of Anson’s technique (6), in which 
the liberated tyrosine color was measured after 
hemoglobin was hydrolyzed by 1 mg. of enzyme 
for 90 minutes at 39° C., and at a pH of 3.5. The 
nonprotein nitrogen was determined in the same 
trichloracetic acid filtrates as the tyrosine color 
by the method of Koch and McMeekin (7). The 
most active spleen-cathepsin preparations liber- 
ated 3.0 mg. of nonprotein nitrogen and 1.25 mg. 
of tyrosine color equivalent under these conditions. 
The most active thymus-cathepsin preparations 
liberated 1.47 mg. of nonprotein nitrogen and 0.68 
mg. of tyrosine color equivalent. 


RESULTS 


The reagents which are known to react with the 
SH groups of proteins fall into three classes: 
(1) Those which oxidize the —SH groups; (2) 
those which form reversible mercaptans or arsen- 
ites; and (3) those which alkylate the —SH 
groups. Since all these reactions require a neutral 
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or alkaline medium, it was essential to know the 
effect of alkali alone upon the enzymes. The effect 
of pretreatment of the enzymes with pH 7.0 and 
7.5 phosphate buffers for 1 hour was an inhibition 
of from 4 to 20 percent. Two hours’ pretreatment 
at pH 7.5 caused up to 30 percent inhibition. With 
the more concentrated solutions of p-chloromer- 
curibenzoate, a pH of 8.4 was necessary for solu- 
tion, but the inhibitory effect of pretreatment at 
this pH was no greater than at pH 7.5. 

Since the —SH groups of proteins may be sensi- 
tive to oxidation by air at an alkaline pH, the effect 
of aeration for 1 hour on alkaline solutions of these 
enzymes was tested. The inhibitory effect was 
slightly more than that caused by the pH 7.5 buffer 
alone. 


TITRATION OF THE —SH Groups IN CATHEPSINS 


The total sulfhydryl groups in the spleen- and 
thymus-cathepsin preparations were titrated ac- 
cording to the method described by Hellerman, 
Chinard. and Deitz (8), which was used in our 
earlier study of the cathepsin of rat lymphosar- 
coma (7). To a solution of 10 mg. of the dried 
cathepsin preparations in 0.5 ml. M/15 phosphate 
buffer at pH 7.0 were added 1.5 ml. water, 0.5 ml. 
M buffer at 7.0, and 1 gm. neutral guanidine hydro- 
chloride. After 30 minutes’ standing under nitro- 
gen at room temperature, 3 ml. of 0.00200N sodium 
iodosobenzoate was added. After 2 minutes, 0.5 
gm. potassium iodide dissolved in 3 ml. N hydro- 
chlorie acid was added, and the iodine was titrated 
with 0.00202N sodium thiosulfate; from 2.40 to 
2.52 mil. thiosulfate was required. These titra- 
tions indicated the presence of 1.16 to 0.91 micro- 
moles of titratable —SH in 10 mg. of enzyme prep- 
aration. The same values were given when guani- 
dine hydrochloride was not added, showing that 
the enzyme-proteins were probably denatured in 
the process of preparation. 





INHIBITORY EFFECTS OF THE PRETREATMENT OF THE 
(‘ATHEPSINS WITH SULFHYDRYL-TESTING REAGENTS 


p-CHLOROMERCURIBENZOATE 


p-Chlovomercuribenzoate, which has been re- 
garded as the most sensitive sulfhydryl-testing re- 
agent (S-/0), was the most potent inhibitor of 
both the spleen and the thymus cathepsins. The 
spleen-cathepsin preparations were all more sensi- 
tive to the mercury reagent than were the thymus 
cathepsins (fig. 1). When treated for 1 hour at 
pH 7.0 with 3 micromoles per milligram enzyme, 
the thymus cathepsin was inhibited only 15 percent. 

After the enzymes were exposed to low concen- 
trations of the p-chloromercuribenzoate for 15 
minutes, the inhibitory effects could be reversed 
by adding excess glutathione. Thus, spleen cathep- 
sin IIT was inhibited 37 percent by pretreatment 
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Ficgtke 1.—Spleen and thymus cathepsins treated with 
increasing quantities of p-chloromercuribenzoate for 1 
hour at pH 7.0. Inhibition was determined by the de- 
crease in nonprotein nitrogen liberated when the treated 
enzymes hydrolyzed hemoglobin for 90 minutes at pH 
3.5 and 39° C. 


for 15 minutes with 2 micromoles of the mercury 
reagent, and after the addition of 20 equivalents 
of glutathione, the inhibition was reduced to 14 
percent. Both thymus and spleen cathepsins could 
be completely reactivated with glutathione after 
pretreatment with 0.5 to 1 micromole of this re- 
agent. When these enzymes, especially the spleen 
cathepsin, were in contact with the p-chloromer- 
curibenzoate at pH 8.4 for 2 hours, considerably 
more proteinase activity was lost (table 1). The 
inhibitory effect upon the liberation of tyrosine 
color liberated by the spleen cathepsin was much 
less than upon the liberation of nonprotein nitro- 
gen under these conditions. In most of the in- 
hibitory experiments, the percent of inhibition of 
tyrosine color and the percent of inhibition of the 
nonprotein nitrogen liberated were parallel. 


SODIUM ILODOSOBENZOATE 


The maximum inhibition of 47 percent was ob- 
tained with the most active spleen cathepsins when 
pretreated with + micromoles of this inhibitor per 
milligram of enzyme for 1 hour at pH 7.0. Increas- 
ing amounts of the sodium iodosobenzoate did not 
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TABLE 1.—IJnhibition of spleen and thymus cathepsins by 
pretreatment with p-chloromercuribenzoate for 2 hours 
at pH 8.4 





Hydrolysis 
Pretreat- 
ment of 


E ’ enzyme, | Tyrosine | Protein N 

snsymn concentra- | liberated | hydrolyzed 
_ 3 Sea pees eam 
inhibitor 


Inhibition | Inhibition 


Micromoles| Percent Percent 

| 4.6 9. % 
: , i ‘ 42 
Spleen cathepsin IIT_- : = 66 
| 7 34 | 73 

| 8.3 8.3 
Chymus cathepsin IIT_- 7 - = 
8 24 33 





increase this inhibition. The thymus cathepsins 
were less sensitive to this inhibitor since 20 micro- 
moles per milligram of enzyme caused only 33-per- 
cent inhibition in the liberation of tyrosine. 


IODACETAMIDE 


The thymus cathepsins were also less sensitive to 
inhibition by iodacetamide than were the spleen 
cathepsins (fig. 2). While 5 micromoles caused an 
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Figure 2.—Spleen and thymus cathepsins treated with in- 
creasing quantities of iodacetamide for 1 hour at pH 7.0. 
Inhibition was determined by the decrease in nonpro- 
tein nitrogen liberated when treated enzymes hydro- 
lyzed hemoglobin for 90 minutes at pH 3.5 and 39° C. 


inhibition of 50 percent in the hydrolysis by the 
spleen cathepsin, 25 micromoles were needed to 
inhibit the thymus cathepsin 45 percent. 


3-AMINO-4-HYDROXYPHENYLDICHLORARSINE 
HYDROCHLORIDE 


In amounts up to 20 micromoles per milligram 
of both the spleen and the thymus cathepsins, 3- 
amino-4-hydroxyphenyldichlorarsine hydrochlor- 
ide caused no more inhibition than did pH 7.0 
buffer alone. 


DISCUSSION 


The spleen- and thymus-cathepsin preparations 
were less sensitive to the sulfhydryl-testing re- 
agents than was the rat lymphosarcoma cathepsin 
previously studied. Although the titrations for 
the —SH groups on the protein of these cathepsins 
gave the same range of values as were given by 
the rat-tumor cathepsin, over 10 times as much of 
the mercury reagent was needed to cause 50-to-70- 
percent inhibition. The molar equivalent of the 
p-chloromercuribenzoate needed to combine with 
the —SH groups on the spleen cathepsin caused an 
inhibition of only 10 to 20 percent. This inhibi- 
tion could be reversed by the addition of excess 
glutathione. 

Since the cathepsins lost more activity when ex- 
posed to the p-chloromercuribenzoate  & 2 hours 
at pH 8.4, it is possible that the —SH groups es- 
sential for the activity were not readily available 
for mercaptide formation. It is also possible that 
some of the enzymic components of the cathepsin 
are not dependent upon substituent —SH groups 
for the hydrolysis of certain of the many difterent 
peptide linkages in the hemoglobin molecule. This 
hypothesis may be related to the observation of 
Fruton, Irving, and Bergmann (/7) that cysteine 
activation was required by some of the components 
of beef-spleen cathepsin to hydrolyze certain syn- 
thetic peptides, while some components were able 
to hydrolyze other synthetic peptide bonds with- 
put activation. 

The spleen cathepsin was much more readily in- 
hibited by the mercury reagent: the alkylating 
reagent, iodacetamide; and the oxidizing reagent, 
iodosobenzoate, than was the thymus cathepsin. 
This difference would indicate that proportion- 
ately more of the —SH groups of the spleen 
cathepsin-protein were essential for the hydroly- 
sis of the peptide bonds of hemoglobin. 





SUMMARY 


Cathepsin preparations from normal calf spleen 
and thymus were treated with the following sulf- 
hydryl-testing reagents: p-chloromercuribenzoate, 
sodium iodosobenzoate, iodacetamide, and 3- 
amino-4-hydroxyphenyldichlorarsine —hydrochlo- 
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ride. The effects of these pretreatments upon the 
ability of the enzymes to hydrolyze hemoglobin 
were tested. Only the last-named of these rea- 
gents was without some inhibitory effect. 


The cathepsins prepared from calf spleen were 
more active in hydrolyzing hemoglobin and were 
also more sensitive than the thymus cathepsins to 
the sulfhydryl-testing reagents. 
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SUBCUTANEOUS SARCOMAS IN MICE IMPLANTED WITH HYDROCARBON- 
CHOLESTEROL PELLETS! 


By MicHaket B. SHIMKIN, surgeon, and Rose S. WYMAN 


, laboratory technician, National Cancer Institute, National 


Institute of Health, United States Public Health Service 


INTRODUCTION 


Previous communications (/, 2) analyzed data 
dealing with the responses of mice to measured 
quantities of three carcinogenic hydrocarbons dis- 
solved in oily media. The primary purposes of 
these studies were twofold: (1) To supply infor- 
mation on the nature of the relationship between 
dose of subcutaneously injected carcinogenic hy- 
drocarbons and the local tumor responses which 
they elicit in test mice. These data are essential for 
appropriate statistical procedures that may be em- 
ployed in analyses of the biologic results and in 
testing the significance of differences obtained 
under various experimental conditions. (2) To 
compare the relative carcinogenic potencies and 
relative speeds of action of 20-methylcholanthrene, 

4-benzpyrene and 1, 2, 5, 6-dibenzanthracene. 
Such data are part of the information necessary 
for the eventual elucidation of their mode of ac- 
tion in eliciting the neoplastic response. 

The present experiment extends the studies by 
presenting data obtained with the three hydro- 
carbons dissolved in cholesterol and administered 
in the form of solid pellets. This useful method, 
originated by Shear (2%), should be applicable in 
investigations in which induced tumors are de- 
sired and in which removal of the bulk of the 
tumor-inciting agent is required (4). 


EXPERIMENTAL PROCEDURE 


The corrected melting points of the three hydro- 
carbons used were: methylcholanthrene, 179.7°- 
Is0.2° C.; dibenzanthracene, 267.3°-267.7°: and 
benzpyrene, 178.2°-178.9°. The cholesterol em- 
ployed was obtained from the spinal cord of cattle 
and had a melting point of 149°-150° C. The hy- 
dlrocarbons came from the same batches used previ- 
ously (2). 

The hydroearbon-cholesterol pellets were pre- 
pared by a method described by Shear (3). Ap- 
propriate amounts of the three hydrocarbons were 
mixed with cholesterol. The mixtures were heated 
to melting in a beaker immersed in an oil bath 
and drawn by means of a metal plunger into thick- 
walled glass tubes with an aperture of 1mm. The 
glass tubes and the plungers were not lubricated 
with oil. The resultant solid sticks that were ex- 
truded were cut into lengths of approximately 2 
mm. The pellets weighed 1.8 to 2.6 mg., the great 
majority falling within the 1.9-2.1-mg. range. 

¥ this manner, cholesterol pellets containing 
O.1, 0.25, 0.5, 1.0, 5.0, 10.0, and 25.0 percent of the 
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respective three hydrocarbons were obtained. The 
average total quantities of the carcinogenic hydro- 
carbons in the pellets were, therefore : 0.002, 0.005, 
0.01, 0.02, 0.1, 0.2, and 0.5 mg., respectively. 

The pellets were introduced subcutaneously by 
means of a trocar into the right upper flank of 
male mice of the C3H strain (Andervont subline). 
Each mouse received a single pellet. The animals 
were 2 months old at the time of injection and 
weighed 18 to 24 gm., the majority falling within 
the 20-22-gm. range. The first lot of mice received 
injections on September 1, 1943, and additional 
lots were added during the following 12 months. 
Each lot was divided at random into 21 groups for 
injection with the respective doses and hydrocar- 
bons. 

The animals were kept in wooden boxes, five to 
eight per box, with wood shavings as bedding. 
They were maintained on unlimited supplies of 
water and Purina dog chow and were individually 
identified. 

Examination by palpation of the mice was car- 
ried out weekly beginning 6 weeks after injection. 
Mice with subcutaneous nodules thought to be early 
tumors were isolated at each examination. A pro- 
gressively growing tumor, proved by subsequent 
histologic appearance to be a malignant neoplasm, 
was listed as havi ing appeared on the date on which 
the nodule was first recorded. The interval be- 
tween injection and appearance of the tumor was 
considered the latent period. 

Of the 676 mice originally employed, 645 con- 
tributed to the final analysis of the results. 
Thirty-one were listed as missing or died during 
the first 3 months of the experiment and were 
discarded from the results. 

The subcutaneous tumors were fixed in Zenker’s 
fluid and embedded in paraftin. The sections were 
stained with hematoxylin and eosin for histologic 
examination. A total of 168 tumors at the site of 
injection was observed. No sections were obtained 
on 2 rapidly growing subcutaneous masses (elicited 
with 0.5 percent dibenzanthracene and 25.0 percent 
benzpyrene pellets, respectively ) but were accepted 
in the data as tumors. 


RESULTS 


The 2-mg. hydrocarbon-cholesterol pellets were 
well tolerated by the mice. There were no cases of 
ulceration at the site of implantation. The pres- 
ence of the pellets was easily ascertained by palpa- 
tion, and in almost all cases the pellets remained in 
situ or close to the location into which they were 
injected. The pellets were recovered at autopsy in 
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all animals accepted in the results. No obvious 
great reduction in size of the pellets, or softening of 
the pellets was noted. Determinations by Shear 
and Lorenz (5) indicate that most of the carcino- 
gen is recoverable from pellets that have remained 
in the subcutaneous tissue of mice for protracted 
periods. Although no similar determinations 
were made in this e xperiment, it can be stated with 
some assurance that no more than 10 percent of the 
carcinogen was absorbed or otherwise disappeared 
from the pellets. 

Of the 166 tumors examined histologically, all 
were sarcomas of the type described previously 
(4). Except for the absence of oil cysts, they were 
indistinguishable from the sarcomas obtained with 
the hydrocarbons dissolved in tricaprylin. The 
only unusual tumor was a sarcoma with areas of 
bone which arose 17 months following implanta- 
tion of a 10 percent dibenzanthracene pellet. 

No epithelial tumors were observed. This con- 
trasts with the occurrence of carcinomas in 4 of 
$15 tumors of the previous investigation in which 
the hydrocarbons were dissolved in 0.25 ec, of tr- 
caprylin (4). 

All tumors evoked in this experiment were single 
masses, in contrast with the occurrence of multiple 
tumors in C3H male mice injected with the hydro- 
carbons in tricaprylin. The incidence of multiple 
tumors appears to be related to the volume and 
spread of the vehicle in which the carcinogen is 
introduced : 

Hydrocarbors in 0.25 ce. tricaprylin, 22 of 415 tumors, 
or 5.1 percent. 

Hydrocarbons in 0.1 ce. tricaprylin, 2 of 65 tumors, 
or 3.2 percent 

Hydrocarbons in 2-mg. pellets, 0 of 16S tumors, 
or O percent. 

The findings are evidence toward a conclusion 
that multiple tumors and perhaps the mixed tu- 
mors are due primarily to the area with which the 
injected carcinogen comes in contact. 

Table 1 summarizes the results of the experi- 
ment. Analyses * were made to determine the vari- 
ability of the biologic responses and to determine 
the trends of the various group responses with dif- 
ferent concentrations of the hydrocarbons. Most 
of the biomathematical procedures involved in 
these analyses are discussed by Fisher (7), and 
their applications to results with carcinogenic hy- 
drocarbons were described elsewhere (/, 2). 

In considering animals that did not develop 
tumors and were lost by death during the course 
of the experiment, the method of correction pre- 
viously proposed by Bryan and Shimkin (/) was 
used. The more involved technique of Lea (8) 
was also applied, but it gave no improvement over 
the method of Bryan and Shimkin. It is possible 
that the life-table methods used by Irwin and 
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Goodman (9) would be preferable to either of 
these procedures when large numbers of animals 
are involved. The corrections produced useful 
gradations of results obtained with methylcholan- 
threne and with benzpyrene, The low responses 
to dibenzanthracene made such corrections inap- 
plicable, and in this instance corrected totals for 
deriving tumor incidence were obtained by omit- 
ting all animals that died before the appearance 
of the first tumors, at 7 months after injection. 

Analysis of the relation of the concentration of 
hydrocarbons in the pellets to the incidence of 
tumors showed that responses to methylcholan- 
threne were more frequent than to benzpyrene or 
dibenzanthracene at levels of 0.25 percent or 
higher. Methylcholanthrene and ig OF gave 
the appearance of similar response, i. e., the slopes 
of regression of probits on log dose were parallel 
within the limits of variability. Comparison of 
the data with results obtained when these car- 
cinogens were dissolved in tricaprylin (2) showed 
no significant difference. This does not imply 
that such differences did not exist, but merely that 
the variability of the responses was too great for 
the demonstration of statistically significant dif- 
ferences. 

The TD,, doses for methylcholanthrene and for 
benzpyrene in this investigation were between 0.01 
and 0.02 mg. and 0.02 and 0.1 mg., respectively. 
This is in agreement with the TD,, doses for these 
hydrocarbons dissolved in tricaprylin, 0.02 and 
0.1 mg., respectively. No particular significance 
can be attached to this finding, however. In the 
cholesterol pellets, 90 percent or more of the car- 
cinogenic material can be recovered from the pel- 
lets at the termination of the experiment (5), so 
that the actual carcinogenic dose is no more than 
one-tenth of the original amount incorporated in 
the pellets. 

The response to dibenzanthracene was markedly 
influenced by its incorporation in cholesterol. The 
response was definitely different from the response 
to the other two carcinogens and from the response 
to dibenzanthracene when it was dissolved in tri- 
caprylin. The slope of the regression of incidence 
on dose was significantly depressed. Despite the 
low incidence of tumors at each concentration 
level, dibenzanthracene elicited tumors with lower 
concentrations than did either methylcholanthrene 
or benzpyrene. This finding is in general agree- 
ment with previous results (2) and with the work 
of Shear and Lorenz (45) which suggest that at low 
doses dibenzanthracene may exhibit greater car- 
cinogenic potency than do methylcholanthrene or 
benzpyrene. 

The relation of concentration of the hydro- 
carbons in the pellets to the latent periods was 
studied, and the regressions were found to be not 
significantly different from zero with each of the 
three materials. Larger groups of animals are 
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TABLE 1.—Subcutaneous sarcomas in male C3H mice implanted with hydrocarbon-cholesterol pellets 


[Numerator-mice with tumors 
Denominator-mice dying without tumors] 


20-METHYLCHOLANTHRENE 








Concen- Tumors and deaths without tumors, in months after implantation of pellets | 
tration of | Hydro- n “Cor- | Per- | Aver- 
hydrocar-| carbon Total | rected’’} Total | cent- | age 
bon in in - mice | total | tumors) age of | latent 
pellet pellet 6 9 20 | 22 | 24+ mice ! tumors; time 
(percent) | 
Mg Number| Number) Number | Months 
25.0 0.5 1/0 | 4/3 | 4/0) 3/0 2/0 2/0 10! 1/1 -| 22 19.4 18 28 | 6.1 
10.0 - 2/0 4/0 6/0 1/0 1/0 1/0 1/1 0/1 O/1 01 20 20.0 16 80.0 | 5.1 
5.0 1 10 | 5/0 | 40) 3/0; 1/0}. 10 1/0) 1/0 0/4 21 21.0 17 81.0 | 5.6 
1.0 .02 3/0 | 2/0 | 3/0; 3/0) 2| O/1 0/1 2); O/1 | O/2| O/1 21 20.8 14 66.7 5.9 
.§ .O1 2 1/1 4/0 | 3/2 0 0/1 1/2 1/0 4 0/3 | 0/5 | O/8 0/1 38 36.3 ll 30.3 7.0 
25 005 ; O/1 | 1/0} 1/0) 2/1 0; 1/0} O/1 | 1/2} 0/2 3 | O/1 | 0/4 | O/9 | O/4 | O/5 40 38.0 7 18.4 A 
1 002 0/1 0 5 | O/7 | 0/4 | O/10) O/8 | 0/3 39 38.5 0 aa = 
3.4-BENZPYRENE 
25.0 0.5 1/0 | 3/0} 5/0 | 30| 1/0 |... 0, 0 WI ...| O/1 | O/1 |. 0/1 | 20 19.9 15 75.3 5.2 
10.0 - i 3/0 3/1 5/0 2/0 0/1 3. o/1 ; 0/2 0/1 23 22.7 16 70.5 6.1 
5.0 ! 4/0 | 2/0) 1/1 2/0 2/0 0/1 10 1) O/1 oO/1 | O/1 0/2 20 19.4 13 67.0 6.1 
1.0 .02 ~ 1/0 | O/1 | OFF J... 2/0 O/1 | O/1 | O/6 | O/2 | O/4 | O/3 | O/4 26 25. 2 3 11.9 8.0 
8 Ol 10 1/0 20 1/0 ‘ 1/0 0/8 | 0/2 | O/9 | O/13) 0/3 | O/4 40 40.0 6 15.0 6.6 
25 005 0/1 0/1 0/6 0/5 | 0/2 | O/11) O/8 | O/6 40 39.4 0 ween 
l 002 o/l O/1 0/1 | OF | O/2 | O/10' O/F | O/F | OV4 40 39.3 0 
1,2,5,6-DIBENZANTHRACENE 
25.0 0.5 O/1 0/1 O/1 | O/2 | 2 2/ 1 | 2/5) 0/1 | 0/3 | O/1 26 2 25 7 2 28.0 14.2 
10.0 | 1/0 0/2; 1 0 | 0/5 | 3/5 | 0/2) O/8 | O/4 27 27 6 22.2 14.1 
5.0 1 2 1/2} 1/0 ( 0/3 | O/6 | 1/5 | 0/4 | O/1 29 29 5 17.2 10.1 
1.0 02 i 0/1 0/2 1 4 1/3 | 2/9 | 0/2 0/3 | 0/3 31 31 4 12.9 15.3 
5 01 O01, 02 10) 1/0 ‘ 10 | O/2) 1/2 3 1/2 O/B O/1L Of4 | OF 41 2 38 7 218.4 10.6 
- 25 . 005 0/1 0/2) 1/0 0/4 1 3 0/6) O/8 | O/8 | 0/4 | O/5 42 241 | 2 24.9 11.3 
l 002 |. . O/1 | O/1 | 1/0 | o/1 3. 0/2) O/F | 0/15) 0/3 | O/5 39 237 | 22.7 8.0 
u J | 








Compare Bryan and Shimkin (1). 
2 Not counting mice surviving less than 7 months. 


necessary to establish lack of relationship between 
latent period and concentration of hydrocarbon 
in cholesterol pellets. As with the incidence-re- 
sponse data, all that can be said is that the vari- 
ability of the latent-period responses was too great 
io establish a significant regression. However, in 
contrast with the data obtained when the carcino- 
gens were dissolved in tricaprylin, the findings 
suggest that: localization of the hydrocarbons by 
means of cholesterol may obliterate differences in 
Jatent-period responses at different concentrations 
of the carcinogens. 

Since there was no significant regression of latent 
periods on dose, the latent-period data for all dose 
groups of each hydrocarbon were combined. The 
average latent periods for methyleolanthrene and 
for benzpyrene were found to be the same, 6.0 
months. The average latent period for dibenzan- 
thracene was significantly longer, 12.5 months. 
If these data are compared with the average latent 
periods obtained with the TD,;. amounts of the 
three hydrocarbons dissolved in tricaprylin, it is 
found that the latent period is significantly longer 
only in the case of dibenzanthracene. As with the 
incidence data, therefore, and within the wide 
limits of variation, incorporation of the three hy- 
drocarbons in cholesterol as contrasted with tri- 


caprylin as a vehicle seems to alter the response 
to dibenzanthracene more markedly than to either 
methylcholanthrene or benzpyrene. 

The data of the present. investigation are in gen- 
eral agreement with previous work with hydro- 
carbon-cholesterol pellets implanted subcutane- 
ously in mice. Shear and Lorenz (4) used choles- 
terol pellets weighing 12.2 to 48.1 mg. and con- 
taining from 0.001 to 1 percent dibenzanthracene, 
in strain A mice. Shear and Ilfeld (/0) reported 
results with pellets weighing 7 to 60 mg. and con- 
taining 0.001 to 5 percent of methylcholanthrene, 
benzpyrene, and dibenzanthrene, in strain dba 
mice. Tumors were not obtained with pellets con- 
taining 0.1 percent. or less of the hydrocarbons, 
with the exception of 1 sarcoma elicited in 18 strain 
A mice implanted with a 0.001 percent dibenzan- 
thracene pellet. The data are insufficient and in- 
applicable for quantitative comparison with re- 
sults in C3H mice used in this experiment. Ander- 
vont and Shear (4), using 5 percent methylcholan- 
threne-cholesterol pellets weighing 12 to 15 mg., 
elicited sarcomas in all of 15 C3H mice at an 
average latent period of 3.3 months. The higher 
incidence and the shorter average latent time may 
be a function of the larger surface area exposed 








to the tissues of the animal than with 2-mg. pellets 
used in this investigation. 

One of the results of this experiment is to indi- 
cate again the need for large groups of animals in 
many problems in cancer research. If the number 
of mice had been doubled for the methylcholan- 
threne group, the results might have been amenable 
to definite interpretation. Still more animals 
wonld have been required to interpret definitely the 
data with benzpyrene and with dibenzanthracene. 
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SUMMARY 


Male mice of strain C3H were implanted sub- 
cutaneously with single pellets of cholesterol 
weighing 2 mg. and containing from 0.1 to 25.0 
percent of 20-methylcholanthrene, 34-benzpyrene. 
or 1,2.5,6-dibenzanthracene; 168 sarcomas at the 
site of implantation were produced in 645 mice. 
Data relative to sarcoma induction at various con- 
centration levels are presented. 
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INTRODUCTION 


It has been known since the experimental work 
of Gratia and Linz (7). confirmed by Shwartz- 
man and Michailovsky (2), that intraperitoneal 
injection of certain bacterial products results in 
hemorrhage, followed by necrosis in transplanted 
tumors. Various phases of this problem have been 
studied in this Institute since 1932 by Andervont 
and Shear. The earlier work has been reviewed by 
Shear (3), Shwartzman (4). and Andervont (4). 
Shear and co-workers (6-10) have obtained a hem- 
orrhage-producing polysaccharide from Serratia 
MArCeSCENS (Bacillus prodigiosus). In presenting 
their results and in discussing earlier work in this 
field, they have emphasized the need for informa- 
tion as to the mechanism through which these prod- 
ucts damage tumors. 

A method for the direct microscopic observation 
and measurement of some effects of hemorrhage- 
producing agents on transplanted tumors was pro- 
vided by the development of quantitative in vivo 
techniques (//—/3) for the study of vascular de- 
velopment in tissue transplants in mice. In the 
experiments reported herein, these methods have 
been applied in seeking information regarding the 
action of the bacterial polysaccharide from Baci/- 
lus prodigiosus on the peripheral vascular bed, in- 
cluding the capillary blood supply of a normal tis- 
sue (striated muscle); the action on capillaries in 
transplanted tumors; the sequence of events lead- 
ing to hemorrhage and necrosis: and the pattern 
of regrowth following hemorrhage. 


MATERIALS AND METHODS 


The material used was a polysaccharide fraction 
(P-3) from Bacillus prodigiosus.’. Intraperito- 
neal injection was made of the material into mice 
carrying transparent chambers. In this study 
amounts of 0.02 and 0.2 mg. were used routinely as 
small and large doses, respectively, as suggested 
by Shear. These concentrations were based on 
Shear’s finding (10) that the L. D. 50 was 0.1 mg. 
for control mice of strain A and albino backcross 
ABC, and 0.015 mg. for mice with primary tumors, 
Such minimal doses as 0.0001 mg. which Shear 
found to produce detectable hemorrhage in tumors, 
were not used in this study. 
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The general procedure was as follows: Tumor 
tissues were transplanted into transparent cham- 
bers at the time of insertion of the chamber. Quan- 
titative measurements were made of the relative 
amount of vascular tissue (in terms of volume per- 
centage of the total tissue observed) * prior to and 
at frequent intervals following the injection of the 
polysaccharide according to the method described 
by Chalkley (72). Photographic records were ob- 
tained of significant stages in the changes that 
occurred. Tissues were fixed in Zenker-formol 
and stained with hematoxylin and eosin, either at 
the end of the transparent-chamber observations 
or at the death of the mouse from progressive 
growth of the tumor. 

The transparent-chamber preparations used al- 
lowed microscopic observation and measurement 
of the vascular components of subcutaneous tissues 
as well as observation and measurement of the 
‘apillaries in the layer of striated muscle which 
lies directly beneath the mica cover slip. These 
vascular components were measured separately, the 
arteries and veins of the subcutaneous tissue being 
taken as the connective-tissue vascular level, while 
the capillary vascular level was obtained by an in- 
dependent count on capillaries lying between the 
muscle bundles. Figure 1 shows these vessels as 
seen in vivo, the capillaries of the striated-muscle 
layer appearing as fine parallel lines and the arteri- 
oles and venules in a deeper plane and irregularly 
distributed. 


RESULTS 
PERIPHERAL CIRCULATION 


After intraperitoneal injection of the polysac- 
charide, progressive slowing of the venous and ar- 
terial circulation, with apparent increase in cir- 
culating leukocytes, was observed within 1 to 2 
hours. Venous engorgement was a prominent fea- 
ture of the response to the higher dose (0.2 mg.), 
but this response was slight at the lower dose (0,02 
mg.) (table 1). Capillaries of the striated-muscle 


*In this method, a microscope fitted with an eyepiece arranged 
to show a fixed pattern of points in the focal plane is used. Ke- 
peated presentation of this pattern to the tissue is made, and the 
visual contacts of the points with the tissue to be measured are 
recorded. The ratio between the number of contacts with the 
tissue measured and the total chances of contact in the volume 
covered is directly proportional to the volume ratios between the 
tissue and that total volume. The absolute volume values are 
not needed. The percentage of all possible hits that fall on ves 
sels is taken as the measure of the vascular level in the tissue 
examined. Each point on the curves represents a value for the 
vascular levels obtained by such measurements of 100 micro 
scopic fields. 
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layer, however, showed significant decreases in 
vascular level at either dose (table 2). Observa- 
tion revealed progressive sluggishness of blood 
flow, concentration of red cells, and stasis of flow 
in the capillaries. Neither hemorrhage nor necro- 
sis was observed in the striated muscle, but with 
the development of decreased blood supply there 
was a cessation of the characteristic intermittent 
muscular contraction. If the mouse survived, mus- 
cle function returned as the capillary bed returned 
to normal levels. The quantitative data on seven 
experiments are given in table 2. Figure 2 shows 
graphically the measurements in a typical ex- 
periment, 

Photographic evidence was obtained that the 
progressive development of stasis resulted in 
edema of the subcutaneous tissues. Figure 1, A, 
taken prior to injection of bacterial polysaccharide, 
shows that when the parallel capillaries of the 
muscle layer are in sharp focus, the underlying 
arterioles and venules of the subcutaneous tissue 
are included in the focal plane of the lens used. 
Figure 1, B, of the same field at approximately the 
sume focal plane, + hours after injection, shows 
the separation of these arteriole and venule com- 
ponents from the capillaries, as indicated by their 
failure to be included in the same depth of field 
as in figure 1, A. 


TRANSPLANTED SARCOMAS 
A total of 11 sarcoma transplants was used, of 


which + were from sarcoma 37. and the remainder 


TABLE I. 


Effect of bacterial polysaccharide on vascular levels ir 


from sarcomas D, H, J, and L.2 As indicated in 
table 3, experiments from 1 to 7 were carried out 
in chambers in which the tumor was confined be- 
tween 2 layers of mica. The remainder were in 
single-layer chambers in which the tumors were 
free to expand. All reacted similarly to the in- 
jection of the polysaccharide. Slowing of cireu- 
lation in the peripheral vascular bed and in the 
tumor capillaries was noted within 1 to 2 hours 
after injections. This was accompanied by in- 
creased concentration of red blood cells and finally 
stoppage of circulation, leading to partial or com- 
plete occlusion of tumor capillaries. Measure- 
ments showed decreases in tumor vascular levels 
as early as 1 hour after injection of the polysac- 
charide. Hemorrhage occurred in 8 of the tumors 
after 3 or 4 hours of progressively developing vas- 
cular occlusion. Decreased vascular levels were 
attained, however, even in the 3 tumors in which 
hemorrhage was not seen. The low point of the 
vascular levels was reached in approximately 4 
hours after injection. Necrosis became apparent 
in about 18-24 hours as an opacity of the central 
portion of the tumor. In two instances, areas of 
necrosis became apparent in the absence of hemor- 
rhage, but only after prior occlusion and decreased 
vascular level. Even in instances in which there 
was apparently complete necrosis of the tumor, the 
surviving cells at the periphery of the tumor re- 
tained the capacity to elicit a new vascular supply, 





> Obtained from Dr. Wilton R. Earle, of the National Cancer 
Institute. 


n subcutaneous connective tissue (arterioles and venules) 





Vascular level 





Experiment No Strain Dose Mortality 
poy lhour | 2hours | 3hours | 4hours | 5hours | 6hours 24 hours | 48 hours 
Mg 
l ( 0.15 25 29 38 pita Died. 
2 ( 10 22 26 28 30 30 |.- 3 Do. 
3 Cc 02 30 28 30 31 e 30 27 31 | Recovered. 
4 C3H 20 22 28 30 29 34 25 : Died. 
f C3H . 20 2s 31 31 32 | a 27 ‘ Do. 
6 C3H . 20 24 2 29 36 30 31 29 29 25 | Recovered. 
ri C3H 02 22 25 22 27 0. 
5 Cc 1 24 25 27 24 23 ee Do. 
“ Cc 4 23 23 31 . ? 26 Do. 
10 Cc 2 24 28 2 38 : ; e 27 30 Do. 
1] Cc 2 26 35 : 31 ‘aa 40 |. Died. 
rasBLe 2.—Effect of bacterial polysaccharide on vascular levels in capillaries of striated muscle 





Experiment No Strain Dose 
pomry 1 hour 2hours | 3 hours 
Ma 
i Cc 0.15 28 31 22 18 
2 Cc -10 29 37 31 25 
3 Cc 02 33 35 32 24 
4 C3H 20 23 13 11 
5 C3H 20 27 22 19 14 
6 C3H 20 34 24 16 18 
7 C3H 02 29 19 


Vascular level 


Mortality 
4 hours 5hours 6hours 6.5 hours 24 hours | 48 hours 
20 Died. 
21 Do. 
25 21 25 Recovered. 
15 14 13 Died. 
15 16 15 Do. 
14 14 15 30 27| Recovered. 
5 10 6 40 Do. 
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Figure 1,—A, Capillaries of striated-muscle layer, showing underlying arterioles and venules of subcutaneous tissue in 
same focal plane prior to injection of bacterial polysaccharide. 150 (Reduced one-half). 3B, Same field as A, 
4 hours after injection, showing optical evidence of edema as indicated by separation between capillaries in muscle 
layer and underlying vessels in subcutaneous tissue, which appear indistinet. 150. (Reduced one-half.) 





and growth was resumed. 


FIGURE 2. 
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HOURS ON SUCCESSIVE DAYS 


There was no instance 


of complete and permanent destruction of any 
tumor under the conditions of these experiments. 
The greatest decrease in vascular levels was asso- 
The tumors 
used, dose of bacterial polysaccharide, quant itative 
changes in vascular level, occurrence of hemor- 
rhage and necrosis, and mortality are shown in 


ciated with the higher dose, 0.2 mg. 


table 3. 


An example of a maximum effect is given in 


detail. 


a sarcoma 27 days after transplantation. 


Figure 3, 1, shows the vascular supply of 


At this 


time the tumor had a vascular level of 55 percent 
(fig. 4). One hour after injection of the polysac- 
charide, the tumor circulation had slowed consid- 
erably, and there was an apparent increase in cir- 
culating leukocytes. At the end of 2 hours, many 
tumor capillaries showed stasis, and the vascular 
level had dropped to 44 percent. This increase in 


TaBLe 3.—Effect of bacterial polysaccharide 


Effect of bacterial polysaccharide on vascular level of capillaries of striated muscle. 


stasis and disappearance of functional vessels pro- 
ceeded rapidly, and by the end of 3 hours the vas- 
cular level had dropped to 24 percent. Numerous 
petechial hemorrhages (fig. 3, B) developed sud- 
denly at the end of 3 hours and 45 minutes, during 
which time the tumor was held under continuous 
observation. Fluid and red blood cells surrounded 
the tumor. Because of stasis and occlusion of ves- 
sels, the functional vascular level dropped to zero 
at the end of 4 hours (fig. +). The complete 
absence of functional vessels continued over the 
next 3 or 4+ days. The tumor appeared to become 
completely necrotic, with ulceration at the base 
of the skin. Although the tumor was apparently 
completely necrotic by the fifth day after injec- 
tion of the polysaccharide, new capillary sprouts 
became visible about the periphery, and tumor 
growth was resumed. During the next few days 
growth continued at a rapid rate, and the vascular 


on vascular levels in transplanted sarcomas ! 





Vascular level 





Experiment 


rumor 


Strain 
of 


Type of 


oO mice chamber Dose Start- 
ing ! hour 2 hours 
hour 0 
Ma 
1 S37 ti Double 0.1 42 
layer. 
2 S37 Cc do 1 35 
; S37 Cc do_.. n 4s 
4 837 Cc do By BS 
5 Earle’s J C3H do 2 5l 
strain 
6 do C3H do .02 BT) 
7 Earle’s I C3H do - .02 53 
strain 
8 do C3H Single 2 52 38 37 
layer. 
9 Earle’s D C3il do a 44 37 28 
Strain 
lo do C3H do . os iz 58 
ll Earle’s H C3H do_. 2 45 38 31 
Strain 


Hemor-, Partia! Tumor 
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URE 3.—A, 205. 
one-half.) £8, Hemorrhage in sarcoma approximately 4 hours after injection of bacterial polysaccharide. 


(Reduced one-half. ) 
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Vascular bed of transplanted sarcoma prior to injection of bacterial polysaccharide. X 25. (Reduced 
CS bet 








58 JOURNAL OF THE NATIONAL CANCER INSTITUTE 








f 60 
oa 
} OMMECTIVE TISSUE 
} tusor 
: 1 TUMOR SIZE 3 
} BACTERIAL POLYSACGHAgIOE 
} —_ O2 MG IP MmJECTION 
} 
aol 40 
w f 
=] n 
a « 
” ! — 
3 an 
« 30 = 
M } 4 
3 1 2g 
2 = 
a al] w 
3 : 
2 205 
+ 2 
10f ° 
r 
t 
} 
k 
t 
f oul o 
L ' 
25 26 27 2 25 36 i yer tes te tee 


Days 
Figure 4.—Vascular reaction, in a transplanted sarcoma, 
to bacterial polysaccharide (single-layer Chamber ). 


level in the growing area attained a height of 44 
percent. Figure 5 shows the rich vascular supply 


that developed around the area of central necrosis. 
In addition to the evidence of edema in subcuta- 
neous connective tissue previously referred to, it 
was observed that progressive development of vas- 
cular stasis resulted in edema in tumor tissue. In 
experiments in which evidence of edema was ob- 
served (table 3, experiments 1 to 7), the tumor was 
confined bet ween two mica disks so that moderate 
external or internal pressure was sufficient to cause 
a significant drop in vascular level within the 
tumor. The result of injection of bacterial poly- 
saccharide into a mouse carrying a chamber of this 
relatively rigid design is described as typical of 
the reaction of the tumor in this type of chamber. 
Figure 6, 1, shows the tumor vascular supply prior 
to injection of 0.2 mg. of bacterial polysaccharide, 
and figure 6, B, the complete disappearance of 
functional vessels, as seen the following day. The 
increase in size of the tumor, as observed in figure 
6, B, was probably due to edema resulting from 
progressive pressure damage to the capillaries. On 
the second day after injection of the polysaccha- 
ride, the entire tumor, as far as could be seen, be- 
came necrotic. Despite the apparent complete ne- 





Figure 5.—Regrowth of tumor vascular bed around the necrotic area resulting from injection of bacterial poly- 


saccharide. XX 25. 


(Reduced one-third.) 





VASCULAR REACTIONS OF NORMAL AND MALIGNANT TISSUES IN VIVO. II. 


FigUkE 6.—A, Vascular bed of transplanted sarcoma prior to injection of bacterial polysaccharide. X 
enlar occlusion following injection of bacterial polysaccharide (double-layer chamber). X 25. 


crosis of the tumor, it became evident 4 days after 
the injection that new capillary sprouts were aris- 
ing about the tumor in the same manner as after 
the original transplantation. Coincident with the 
appearance of these new capillaries, increase in 
mass of the tumor became evident about the margin 
of the necrotic center. The quantitative data are 
given in figure 7. This experiment indicates that 
occlusion of the tumor vessels could be the result 
of internal pressure from either the accumulation 


of intercellular fluid, or the swelling of the tumor 
cells, or both of these factors. The subsequent 
events, hemorrhage and necrosis, would follow as 
outlined previously. 


TRANSPLANTED MAMMARY-GLAND CARCINOMAS 


Adequate experimental studies of the effect of 
the bacterial polysaccharide on transplanted mam- 
mary-gland carcinomas have not yet been carried 
out. Results of the two experiments performed, 
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however, were similar to those found when sar- 
comas were used, in that progressive slowing of 
the peripheral circulation Was followed by vascu- 
lar stasis and occlusion in the tumor. In the ex- 
periment shown in figure 8, it was possible to make 


termittent muscular contraction. Evidence is pre- 
sented that vascular stasis resulted in tissue edema 
in both normal and tumor tissues. It can be as- 
sumed from the evidence of vascular stasis and 
tissue edema that capillaries of both normal and 
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quantitative measurements of the capillary bed in 
both the tumor and the surrounding striated mus- 
le, following injection of 0.02 mg. of the poly- 
saccharide. It is apparent from this graph that 
vascular stasis and occlusion in the normal tissue 
were not dependent upon prior hemorrhage and 
necrosis in the tumor, 


DISCUSSION 


These experiments in transparent-chamber 
preparations have shown that following injection 
of this bacterial polysaccharide, hemorrhage and 
necrosis occur in the transplanted tumors within 
the transparent chamber after a preceding period 
of progressive slowing of the peripheral circula- 
tion followed by vascular stasis and occlusion of 
the capillaries both within the tumor and in nor- 
mal striated muscle. 

These experiments have also shown that the 
vascular stasis and occlusion produced by injec- 
tions of this agent were not limited to tumor tis- 
sues, but that capillaries of striated muscle showed 
similar effects, followed by a cessation of the in- 


Vascular reaction in a’transplanted sarcoma to bacterial polysaccharide (double-layer chamber) 


tumor tissues became increasingly permeable, and 
fluid loss occurred into the intercellular spaces 
(Krogh (74) ). 
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Figure 8.—Vascular reaction to bacterial polysaccharide 
in a transplanted mammary-gland carcinoma. 
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The opinion of many workers that the bacterial 
products are highly selective for tumor tissue was 
based on criteria of gross or microscopic evidence 
of hemorrhage or of cellular changes as seen in 
fixed and stained tissue sections. Apitz (15) 
stated that the striking results obtained in the 
tumor were confined characteristically to the tu- 
mor and were not part of a general vascular reac- 
tion to the administration of a toxic substance. 
Similar results were obtained by Shwartzman (2) 
in a study of tissue sections following administra- 
tion of bacterial polysaccharide, and by Lippincott 
(cited by Shear (70, p. 465)). Zahl and Bjerknes 
(16), however, using endotoxin of gram-negative 
bacteria (Shigella paradysenteriae), were able to 
produce hemorrhage not only in transplanted tu- 
mors but also in decidua-placental tissues. Re- 
cently Diller and Shear (77) presented cytologic 
evidence of damage to cells of intestinal epithelium 
as well as of tumors of mice following injections of 
the bacterial polysaccharide. 

Inferences about the mechanism of action of the 
bacterial products in producing hemorrhage and 
necrosis in tumors have been based on the micro- 
scopic examination of tissue sections. Apitz (15) 
concluded from such studies that the walls of capil- 
laries in the tumor were damaged, that this led to 
dilatation and rupture of the walls of the blood 
vessels, and that the resultant bleeding obliterated 
the capillary wall. Andervont (5) also concluded 
that the vessels become dilated and rupture, caus- 
ing a diffuse hemorrhage throughout the tumor. 
Both of these workers noted an edematous appear- 
ance of some of the tumor cells prior to the hemor- 
rhage, inferring from this that the bacterial prod- 
ucts may have some direct effect upon the tumor 
cells. Gerber and Bernheim (78) from examina- 
tion of tissue sections found no evidence of vascular 
alterations and concluded that the effect seems to 
be directly upon the tumor cells. 

From the experiments presented here, it appears 
that the hemorrhage and necrosis within the tumor 
are probably manifestations of capillary damage 
due to tissue anoxia resulting from circulatory 
slowing throughout the host. This circulatory 
slowing is primarily a host reaction to which tumor 
tissue responds by hemorrhage and necrosis. The 
reasons for the differences between the reaction to 
circulatory stasis of capillaries in the striated- 
muscle layer and in sarcoma must be sought in 
comparative studies of such factors as capillary 
fragility, pressure, permeability, and reaction to 
anoxia. That tissue anoxia could lead to both 
hemorrhage and cellular degenerative changes is 
borne out by the results of other workers. Markee 
(19), for example, described anemia of endometrial 
transplants in response to injection of estrin, hem- 
orrhage resulting 24 hours later when circulation 
was resumed. Windle (20) showed that fetal 
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guinea pigs, resuscitated after being subjected to 
anoxia by clamping the maternal uterine vessels 
for varying periods, exhibited multiple capillary 
hemorrhages, brain edema, and neurocytologic 
changes, when killed one-half hour to 21 days later. 

Shear (/0) discussed the question whether the 
bacterial products produce hemorrhage in tumors 
as a result of severe shock in the host. He pointed 
out, however, that— 

a distinction should be made between the production of 
severe shock in the host resulting in hemorrhage in tumors, 
and the production of severe hemorrhage in tumors re- 
sulting in shock in the host. In both instances hemorrhage 
and shock are obtained, but the sequence of events is 
reversed. 

In the development of both tourniquet shock and 
the reaction to the intraperitoneal injection of bac- 
terial polysaccharide, there is a drop in the vascu- 
lar level in the capillary bed of the striated-muscle 
layer of the skin (2/7). This seems referable in 
both cases to a decrease in blood volume. In tour- 
niquet shock fluid is lost at the site of injury, and 
there is no evidence of an initial systemic increase 
in capillary permeability. After bacterial poly- 
saccharide, however, evidence was obtained of a 
systemic increase in capillary permeability as man- 
ifested by edema of the subcutaneous tissues. After 
either procedure, there resulted decreased capil- 
lary blood flow, leading to tissue anoxia and conse- 
quent damage. 

These results suggest that the mechanism of ac- 
tion of this bacterial polysaccharide is one exam- 
ple of a common host reaction to a variety of agents 
which similarly decrease the host circulatory rate, 
secondarily affecting the tumor circulation with 
resulting irreversible anoxic damage. That this 
may be the case is borne out by recent preliminary 
experiments ° on the mechanism of damage to tu- 
mors following release of tourniquets applied to 
the hind legs of mice, and of the action of podo- 
phyllin on tumors. In both of these instances, 
hemoconcentration, sluggish circulatory rate, and 
capillary stasis occurred in normal and in tumor 
tissue with varying degrees of hemorrhage and 
necrosis in the tumors. 

These experiments serve to emphasize the need 
for critical studies of the mechanism of action of 
agents which affect tumors, not only by the rela- 
tively static methods of classic pathology and cy- 
tology, which can usually reveal only end results, 
but also by some of the more dynamic methods 
of pathologic physiology, which seem to be of par- 
ticular significance in differentiating between pri- 
mary and secondary effects of an agent. 

In instances where the tumor was severely dam- 
aged but the host survived, the peripheral surviv- 
ing tumor cells were capable of arousing renewed 
-apillary proliferation and thus restored their nu- 





6 A.GIRE, G. H.: Unpublished experiments. 
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tritive supply. It seems, therefore, that an im- 
portant field for further biologic and chemical 
study is the factors concerned in the development 
of the tumor blood supply through capillary pro- 
liferation from the host. 


SUMMARY 


Photographs and daily quantitative measure- 
ments were made of the vascular bed in the normal 
(striated muscle) and neoplastic (transplanted 
sarcoma) tissue included within a transparent 
chamber introduced into a dorsal skin flap in the 
mouse, prior to and following intraperitoneal in- 
jection of a polysaccharide fraction from Serratia 
THOUPCESCOWS (Bucillus prodigiosus). 

The following results were obtained: Progres- 
sive decrease in the rate of blood flow and per- 
centage of functional vessels in the capillary cir- 
culation to the panniculus carnosus layer of 
striated muscle and to transplanted sarcomas. 
This quantitative decrease in functional capillaries 
Was accompanied by stasis and occlusion. Capil- 


lary dilatation was not observed in either striated 
muscle or tumor tissue. 

In the capillaries of the striated-muscle layer, 
the vascular occlusion reached a maximum in from 
3to+4 hours; and in animals that survived, recovery 
of capillary flow occurred within 18 hours. Neither 
hemorrhage nor necrosis was observed in these nor- 
mal tissues, but muscle contraction ceased as capil- 
lary circulation decreased. 

Evidence was obtained that the vascular oeclu- 
sion and stasis in both normal and neoplastic tis- 
sues were associated with edema, which suggested 
increased capillary permeability. 

The development of vascular occlusion in trans- 
planted sarcomas was followed after varying pe- 
riods by the sudden appearance of petechial hem- 
orrhages throughout the tumor. In spite of the 
apparently complete necrosis which developed, 
some peripheral tumor cells survived. This sur- 
Viving tissue retained its capacity to elicit a vig- 
orous vascular supply from the host, and growth of 
the tumor was resumed in every instance. 

No evidence of a primary action of this agent 
on tumor cells was obtained. 
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PULMONARY-TUMOR INDUCTION BY 


TRANSPLACENTAL EXPOSURE TO 


URETHANE ?? 


By C. D. Larsen, senior biochemist, with the technical assistance of Mrs. LucrLLte L. Weep and PauL B. RuHoaps, Jr., 
National Cancer Institute, National Institute of Health, United States Public Health Service 


INTRODUCTION 


With but one exception, the literature appears 
to be devoid of reports pertaining to intra-uterine 
exposure of embryonic tissue to the action of car- 
cinogenic material. Law (/) subjected embryonic 
mice, Caracul * P, F, hybrids, in utero (14-day 
stage) to 1,2.5.6-dibenzanthracene. Eighty-three 
percent of the surviving young exhibited multiple 
primary pulmonary tumors when autopsied at an 
average age of 61, months. 

Following the original report (2) that repeated 
narcotization with “ethyl carbamate (urethane) 
was followed by striking increases in the incidence 
and multiplicity of pulmonary tumors in strain 
A mice, it was observed (3, 4) that carcinogenesis 
was started in the absence of clinical narcosis and 
that the reaction of pulmonary tissue to urethane 
appeared to be independent of the route of admin- 
istration of a fixed total dose. Subsequently, the 
writer ® has observed significant increases in the 
incidence and the multiplicity of lung tumors in 
strain A mice following a single intraperitoneal 
injection of a subnarcotizing dose of urethane (0.25 
mg. per gram mouse). Although urethane has 
not been examined at the minute dosage levels 
found effective for the more potent of the carcino- 
genic hydrocarbons, available data suggest that 
it is of a lower order of carcinogenicity. In ex- 
tending the examination of the urethane-pul- 
monary tumor phenomenon, the results reported 
herein are from a series of experiments which were 
performed in demonstrating that urethane under 
certain conditions introduces a carcinogenic proc- 
ess in fetal lung tissue. 


EXPERIMENTAL PROCEDURE AND RESULTS 


SERIES A 


Pulmonary tissue of strain A adult mice is more 
susceptible to the carcinogenicity of urethane than 
is that of any other strain examined.*| On the 
supposition that this greater sensitivity might be 
encountered in embryonic tissue, this strain was 
used in all experiments described herein. By way 
of exploration, a small number of pregnant mice 
from the breeding colony were narcotized late in 
term by intraperitoneal injection of 25 mg. of 
urethane. At 6 months of age, the 51 surviving 
offspring were killed by cervical dislocation, and 
the lungs were examined for pulmonary tumors. 


' Received for publication August 28, 1947. 

? Presented in part at the meetings of the American Association 
for Cancer Research, Chicago, May 16-17, 1947. 

> Unpublished data. 

* Unpublished data. 


Forty mice exhibited 1 to 19 lung tumors each. 
Inspection of the animal records showed that 
tumors were present in all mice that had been born 
during the 24-hour period after injection of their 
respec ‘tive mothers. Tumor incidences were 85 and 
63 percent, respectively, in offspring born during 
the second and third 24-hour post-injection pe- 
riods. Similarly, the data in table 1 indicate that 
an inverse relationship exists between the number 
of tumors and the injection-parturition interval. 
The available data for the relatively small num- 
bers of mice were subjected to limited statistical 
analyses. The tumor incidence in each experi- 
mental group differed significantly from that in 
control mice; ?<0.001 in each instance. Differ- 
ences in incidence among the experimental groups, 
however, approached signifi: ance only when 1- ~day 
and 3-day mice were “compared, =0.01. The 
average number of tumors in each group of off- 
spring was significantly greater than in control 
mice, P<0.001 for each mean difference. Al- 
though of a lower order, tests also showed signifi- 
cant differences between the means of the experi- 
mei groups: One-day versus two-day mice, t= 
2.42; P=0.02; 1-day versus 3-day mice, t=5.24, 
P<0.01; 2-day versus 3-day mice, +=2.56, P=0.01. 


TABLE 1.—Transplacental carcinogenesis, preliminary tests 





| Litters Offspring 
| 
| ae eae 
zz . Aver- 
Number) Injected Inter- age 
Series of after val 


Livinz | With | mors 


mothers plug after : per 
| 3 t y 
Born last 4 mae lung | mouse 
| | | injec- | Months tumors 
| jec 
| | tion 


Days \|Number Days | Number Percent | Number 


4 1 100 7.9 
A 13 4 2 13 85 3.1 
4 3 24 63 1.1 
B 12 2.9, 16 2 4 (‘) 
|} 1 3 100 9.7 
( 12 | 4,11, 18 1 2 2 5O 
ls 1} @ 
|? 1 12 100 7.4 
D 24 | 6,12,18 2 2 4 75 7 
lo (‘) | 
ji2 3 | 65 58 .9 
E 38 8, 16 ce) 4 38 60 1.1 
| b (@) 
Controls rae A 158 17 2.19 





| Litters not recorded. 
23 of 27 tumor mice exhibited 2 tumors each at 6 months of age. 


In the foregoing experiment, the pulmonary- 
tumor data demonstrated that some action had 
been started in fetal-lung tissue, particularly in 
those mice whose mothers had been injected late 
in term, which resulted later in increases in the 
incidence and multiplicity of tumors. Conse- 
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quently, it seemed that several narcotizing injec- 
tions of the gravid mouse might result in an en- 
hanced effect. Accordingly, several series of fe- 
males were bred and then injected intraperitone- 
ally several times during the resulting pregnancies. 
The relationships of the injections to the stages of 
embryonic development are noted in the following 
experiments. 

Female mice 8 to 10 weeks of age were mated 
with males of the same age. The females were in- 
spected daily, and vaginal plugs when present 
were noted. In series B, C, D. and E, two or more 
injections were made at arbitrary intervals after 
appearance of the vaginal plug. Each injection 
consisted of 25 mg. urethane in 0.25 mil. distilled 
water. After parturition and weaning, the off- 
spring were maintained on the National Cancer 
Institute stock diet No. 77 (5) (in pellet form) 
and water. At 6 months of age, the offspring were 
killed by cervical dislocation, the lungs were re- 
moved, and all surfaces of each lobe were exam- 
ined under the dissecting microscope ( * 7 magni- 
fication). Most of the tumors observed were as 
large as or larger than the spontaneous lung tu- 
mors seen in older mice of this strain. The tumors 
were readily identified by their pearly appearance, 
their relative nonfriability, and their tendency to- 
ward subpleural elevation and occasional pedun- 
culation. The smaller, grossly questionable nod- 
ules were routinely fixed and stained for micro- 
scopic verification. Random samples of grossly 
diagnosed tumors were invariably confirmed when 
examined microscopically. 


Series B 


Twelve female mice were injected intraperitone- 
ally with 25 mg. urethane on the second and ninth 
days after the vaginal plug was noted. By the 
fourteenth day it was obvious that pregnancy had 
failed to develop in 10 of these mice, perhaps be- 
cause of interference with uterine implantation, 
The other 2 mice, injected a third time on the six- 
teenth day, cast stillborn litters on the twentieth 
day. 

SERIES C 


Twelve female mice were injected on the fourth, 
eleventh, and eighteenth post-plug days. In 7 
mice pregnancy was not completed. The other 5 
mice delivered litters at term, 2 of which were 
reared. One litter, born during the 24-hour period 
following the third injection of the mother, con- 
sisted of 3 mice which at 6 months of age exhibited 
7, 8, and 14 lung tumors, respectively. In the 
other litter, in which the interval between the final 
injection and parturition was 2 days, 1 of 2 mice 
exhibited a single lung tumor at 6 months of age. 


* Dr. Thelma B. Dunn, of the National Cancer Institute, made 
the histologic examination of the tissues. 


Series D 

Twenty-four female mice were injected on the 
sixth, twelfth, and eighteenth post-plug days. 
Normal pregnancy developed in 18 mice, 9 of 
which reared their litters. Seven of the litters 
were born in the 24-hour period following the 
final injection of the mother. Twelve surviving 
offspring were examined at 6 months of age: all 
had lung tumors, + to 14 per mouse, average 7.3. 
The other 2 litters, born on the second day, follow- 
ing the final injection, provided 4 mice for autopsy 
at 6 months of age; 3 had 1 tumor each, 1 mouse 
had none. Control mice of the same age on the 
average exhibited lung tumor in every fifth or 
sixth mouse. 


SERIES E 


Thirty-eight female mice were injected in the 
same manner with urethane on the eighth and six- 
teenth post-plug days. Twenty-seven litters were 
carried to term, of which 21, consisting of 103 mice, 
were reared. These offspring exhibited a pulmo- 
nary tumor incidence of 59 percent and an aver- 
age of 1.0 tumor. These values, although defi- 
nitely lower than those for the 1-day mice in series 
A.C, and D,. demonstrate some transplacental car- 
cinogenicity when compared with data for control 
mice. 

Asa result of the preliminary experiments, se- 
ries A through E, and in spite of a lack of uniform- 
ity in the number of injections and their relation- 
ship to embryonic development, the data in table 
1 suggest that fetal-lung tissue is most susceptible 
to the transplacental carcinogenic action of ure- 
thane during the 24 hours preceding parturition. 
These data are extended in the following experi- 
ments. 

Series F 


Virgin females, 8 to 10 weeks of age, were mated 
with young, vigorous males. The females were ex- 
amined at least once daily for the presence of va- 
ginal plugs. As plugs were found, the mice were 
assigned to one or another of 5 groups. The mice 
in the several groups were injected intraperitone- 
ally once only with 25 mg. urethane on the four- 
teenth, fifteenth, sixteenth, seventeenth, or eight- 
eenth post-plug days. In order to facilitate analy- 
sis of the resulting experimental material, the off- 
spring were regrouped after parturition. Assign- 
ment of offspring to groups was on the basis of the 
interval between injection of the mother and deliv- 
ery of the young, i. e., those mice born within the 
first 24-hour period following injection of the 
mother were assigned to the 1-day group (table 2), 
those delivered during the second 24-hour post- 
injection period to the 2-day group, etc. In the 
event of a missed plug, the mouse was injected late 
in term, and the offspring were assigned to the 
appropriate group, post partum, for purposes of 
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analysis. The young mice were reared and at 6 
months of age were killed and examined for pul- 
monary tumors. Table 2 shows that the incidence 
of lung tumors was 100 percent in that group whose 
mothers had been injected during the 24-hour 
period preceding parturition. An average of 8.9 
tumors per mouse was observed. In the mice born 
after intervals of 2, 3, 4, or 5 days, the tumor in- 
cidences, 76, 61, 62, and 83 percent, respectively, 
which appear to be more or less independent of the 
injection-parturition interval, were less than that 
for the 1-day group, but considerably higher than 
the usual incidence of 15 to 20 percent in controls 
of the same age. Even more striking is the ob- 
servation that the multiplicity of tumors in the 1- 
day group is fully 5 times greater on the average 
than in mice born after longer injection-parturi- 
tion intervals. If only mice exhibiting tumors are 
considered, the ratio of multiplicity in the 1-day 
group to that of any other group is about fourfold. 
Groups 2, 3, 4, and 5 exhibited tumor multiplicities 
which diminished but slightly as the interval in- 
creased from 2 to3 to4to5 days. Essentially iden- 
tical results were obtained in series G. Thirty- 
nine of the intraperitoneally injected mothers, se- 
ries F, were killed and examined 6 months after 
parturition. All mice but 1, in which no tumor was 
found, had developed multiple lung tumors, 3 to 38 
per mouse (average, 17.7). Variation from mouse 
to mouse in response to the agent is given in table 3. 


SERIES G 


In the experimental work just described, all in- 
jections of gravid mice were made intraperito- 
neally. It was recognized that this technique is 
subject to the criticism that intraperitoneal in- 
jection of a mouse late in term might be intra- 
uterine in some instances or perhaps occasionally 


TABLE 2.—Pulmonary-tumor induction in mice 





Offspring Mothers ! 
Route Injee- - — 
of in- tion- : ‘ 
Series | jection | partu- —_: Aver- 
of rition Num-| With | tumors) Num-| With | ,, — 
mothers interval) ber | tumors S$) ber |tumors | Mors 
per per 
mouse mouse 
Days Percent Number Percent Number 
1 40 100 s 6 83 17.4 
F ..| Intra- 2 29 76 1.8 8 100 18.0 
peri- 3 111 61 1.2 9 100 15.9 
toneal | 4 58 65 1.3 7 100 18.6 
5 42 83 1.5 9 100 20.8 
Total or aver- a < Sa | Se 17.7 
age. 
1 73 100 | 10.0 22 100; 24.8 
1 ; 2 57 82 1.7 18 100 24.0 
icieees i 3} 82 73) 215) 2! wo} 221 
. - | 4 71 76 1.6 16 100 21.8 
} 5 84 73 1.4 23 100 26.9 
Total or aver- : eit | 24.0 
age. 





' Mothers each received 25 mg. urethane, injected as indicated. 


TABLE 3.—Pulmonary tumors in strain A mice 6 months 
after single injection of urethane 





Mice showing given number of tumors per individual 








Route!  —_—-—c} — a ——— 
0 1 2 34 5 | 6 7 8 | 9 | 10/11) 12 
i? 1 1 1 1 1 1 3 
I.\V 1 2 1 a oS 1 1 1 2 1 
Mice showing given number of tumors Num- Aver- 
per individual her age 
Route ! DR, PS Lp tumors 
of per 
13 | 14] 15 | 16 | 17| 18] 19 | 20] 21} ™ | mouse 
& — 2 3 2 1 2 2 2 2 3 
a waite a 3| 3 1 3; 2 1 8 
—a— = — —————— Ce — 
Mice showing given number of tumors per individual 
Route ! eneneet cement weenie seni is —_ 
22 23 | 24 | 25 | | 2 8 29) 30 | 31 | 32 | 33 | 3 
.? 2 1 1 1 2 1 1 
a y 4 5 2 4 9 2 10 3 4 3 3 2 5 
Mice showing given number of tumors Num- | 4V¥er- 
per individual ” her age 
Route ! PS eA Laat Sy) Pe ee ol tumors 
- per 
35 | 36. | 37 | 38 39 40) 41 4g | mice | mouse 
LP end 1 39 17.7 
i _ 4 1 1 3 -| | 1 104 24.0 





11, P., intraperitoneal; I. V., intravenous. 


within the amniotic sac. The latter possibility is 
remote as well as of little consequence, for injec- 
tion of an appreciable quantity of urethane directly 
into the amniotic fluid would in all probability 
result in the death of that embryo, and its resultant 
exclusion from the data on 6-month survivors. In 
order to invalidate potential criticism of the fore- 
going data for these or other reasons, a final 
experiment was performed in which all pregnant 
mice were injected intravenously. All other ex- 
perimental conditions duplicated those for the pre- 
ceding experiment. Each injection was made into 
a tail vein. With experience, it was found that 
intravenous injection of 0.25 ml. of a 10-percent 
solution (25 mg.) of urethane required that ad- 
ministration be performed uniformly during a 
period of not less than 60 seconds; otherwise, when 
the injection proceeded more rapidly, many ani- 
mals died immediately because of what appeared 
to be respiratory failure. The onset of anesthesia, 
almost instantaneous, was much more rapid than 
when the intraperitoneal route was used; likewise, 
because of more rapid metabolism and excretion 
of the drug, narcosis was more transient. In the 
event that intravenous injection was not successful, 
owing to the repeated failure of insertion of the 
needle into a vein, the mouse was injected subcu- 
taneously. Litters of mice so injected were ex- 
cluded from the tabulated data. However, exam- 
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ination of 6-month-old offspring of subcutaneously 
injected mothers showed essentially the same lung- 
tumor incidence and multiplicity, injection-par- 
turition intervals being the same, as was observed 
in offspring of intraperitoneally or intravenously 
injected mothers. The offspring of intravenously 
injected animals were killed at 6 months of age, 
examined for lung tumors, and the data tabulated 
according to the length in days of the injection- 
parturition interval. The data in table 2 coincide 
closely with those from single intraperitoneal in- 
jections (series F). Tumors were found in the 
lungs of all mice born during the 24-hour period 
following injection of the mothers, average 10.0. 
Those offspring born after 2-, 3-, 4-. or 5-day 
intervals had tumor incidences of 82, 73, 76, and 73 
percent, respectively. On the basis of all animals 
examined, the average number of tumors in each 
of these groups was about one-sixth of that in the 
1-day group, or about one-fifth when the average 
was computed on the basis of tumor animals only. 

Each surviving mother in series G was killed at 
the same time as her offspring and examined for 
lung tumors. Adenomas were found in all mice, 1 
to 48 per mouse, average 24.0. Variability of re- 


sponse to the agent is shown in table 3. 


DISCUSSION 


The data of the several exploratory experiments, 
series A through E (table 1) representing small 
groups of mice are too limited to warrant more 
than brief attention. The values for incidence and 
multiplicity of tumors in the 6-month-old offspring 
in the several series indicate that urethane, admin- 
istered intraperitoneally to the pregnant mouse, 
effected transplacental carcinogenesis in the fetal 
lungs. The data suggest that the magnitude of 
the effect was greater in the offspring delivered of 
mothers which had been injected during the ter- 
minal 24 hours of gestation than in those from 
mothers injected earlier. In series A, all mice born 
during the 24-hour post-injection period exhibited 
lung tumors at 6 months of age, with an average 
of 7.9 tumors per mouse. Following injection- 
parturition intervals of 2 and 3 days, the offspring 
exhibited lower tumor incidences and fewer aver- 
age tumors per mouse. Essentially the same rela- 
tionship of tumor response to the injection-par- 
turition interval existed in series C and D. In 
series E, in which all offspring were born either 3 
or 4 days after the second injection of the respec- 
tive mothers, the incidence and multiplicity of 
tumors were of the same order as in the 3-day- 
interval mice in series A. These values, although 
definitely less than those for the 1-day-interval 
mice in series A, C, and D, nevertheless differ sig- 
nificantly from data for control mice (table 1). 
The evidence obtained from the exploratory ex- 


periments is extended and substantiated in series 
F and G. 

All offspring in series F born within 24 hours 
after injection of the mother had pulmonary tu- 
mors when examined at 6 months of age; an aver- 
age of 8.9 tumors per mouse was noted. In con- 
trast, significantly lesser tumor incidences and 
strikingly fewer numbers of lung tumors were 
found in mice born after intervals of more than 
24 hours, i. e., 2, 3. 4, or 5 days after injection of 
their mothers. Application of the ,* formula 
showed that the tumor incidence in the 2-, 3-, 4-, or 
5-day offspring was in each instance significantly 
less than that of 100 percent in the 1-day-interval 
offspring; y°=11, 22. 17, and 7, respectively; 
P<0,001, <0.001, <0.001, and <0.01. On the 
other hand, the tumor incidence in the 2-day mice 
did not differ significantly from that in the 3-day 
mice, or that in the 3-day mice from the 4-day, or 
the 4-day from the 5-day mice. Nevertheless, 
comparison of the data for mice born after in- 
jection-parturition intervals of more than 1 day 
with that for control mice (table 1) showed highly 
significant differences; y°=44, 56, 47, and 69, re- 
spectively, ?<0.001 in each case. 

The definitely greater susceptibility of fetal 
pulmonary tissue to urethane during the final day 
of embryonic life is further demonstrated when 
one examines the data for the average number of 
lung tumors in the 1-day mice and the averages in 
those born after longer intervals. In the animals 
born during the 24-hour period following injec- 
tion of their mothers, an average of 8.9 tumors per 
mouse was noted. This mean differs from the 
means in the 2-, 3-, 4-, and 5-day mice by 7.1, 7.7, 
7.6, and 7.4. The smallest of these differences, that 
between the 1-day and the 2-day mice, was tested 
and found to be statistically significant (¢=8.10; 
P<0.001). The other differences were of the same 
order of significance. Examination of the means 
in the 2-, 3-, 4-, and 5-day mice shows, however, 
that any one mean does not differ significantly 
from that of any other of these four groups. These 
means differ from that in the control mice by 1.61, 
1.01, 1.11, and 1.31, respectively. Analyses of these 
differences show the same order of significance in 
each case. For example, the mean of 1.3 in the 
4-day mice differs from the mean of 0.19 in control 
mice by 1.11 (t=9.68; P<0.001). 

In series G, wherein the offspring were born of 
intravenously injected mothers, the response to the 
agent was essentially the same as in comparable 
groups in the intraperitoneally injected series. In 
the 1-day mice, the 100-percent incidence of tumors 
was significantly greater than the incidences of 82, 
73, 76, and 73 in the 2-, 3-, 4-, and 5-day mice. 
Respective x? values of 17, 22, 20, and 23 were 
observed ; ?<0.001 in each instance. Comparison 
of incidences in the 2-, 3-, 4-, and 5-day groups, one 
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with another, failed to demonstrate any significant 
differences. The incidence in each of the last four 
groups, however, was found to be highly significant 
when compared with the incidence of 17 percent in 
the controls (,?=79, 73, 74, and 73; P<0.001 in 
each case). 

The mean number of tumors in the group born 
within the 24-hour period following intravenous 
injection of their mothers differed from the means 
in the 2-,3-, 4-. and 5-day groups by 8.3, 8.5, 8.4, and 
8.6, respectively. The smallest of these differ- 
ences, that between the 1-day and the 2-day mice, 
Was statistically significant (t=9.661; P<0.001). 
The differences between the 1-day and the 3-, 4-, 
and 5-day means were of the same order of signifi- 

cance. However, comparison of the means of the 

groups born 2, 3, 4, and 5 days after maternal 
injection, one with another, failed to demonstrate 
any significant differences. Again, the difference 
bet ween the tumor mean in each of the 2-,3-, 4-, and 
»-day groups and that in the controls was found to 
be significant. For example, the smallest of the 
several differences, that between the means of the 
5-day group and the controls, was 1.21 (t=13.1; 
P<0.001). 

From the available data, it must be concluded 
that the route of administration of urethane to 
pregnant mice. intraperitoneally and intravenously 
in series F and G, respectively. is not a factor in the 
degree of carcinogenesis attained in the lungs of 
the offspring. The difference of 1.1 between the 
means of the 1-day group in series F and the 1-day 
group in series G is not significant (¢=0.97; 
P=0.3). Similar probabilities result on analysis 
of the means of comparable groups born after 
longer intervals in the two series. 

The data pertaining to lung-tumor elicitation in 
the maternal mice in series F and G merit brief 
attention. Variations in the injection-parturition 
interval do not appear to be reflected in significant 
differences in the mean numbers of lung tumors 
observed 6 months later within the groups of either 
series. However, the mean number of lung tumors 
of all intraperitoneally injected mothers (table 2) 
differs significantly from that of all intravenously 
injected mothers (¢=3.74: P<0.001). The more 
rapid development of narcosis in mice injected 
intravenously with urethane than when the same 
lose is administered intraperitoneally is obviously 
the result of a more rapid and higher peak concen- 
tration in the blood stream; also, ‘the greater tumor 
elicitation in the intravenously injected mothers is 
perhaps a manifestation of a relatively higher 
concentration of urethane. 

The foregoing data and the analyses thereof 
clearly demonstrate that urethane administered 
late in term to the gravid mouse results in strik- 
ing increases in the incidence and multiplicity of 
pulmonary tumors in the surviving offspring. The 


data also show that the fetal lung is most suscepti- 
ble to the agent during the last 24 hours of intra- 
uterine life. Whereas the experimental results 
are clear-cut, their explanation is less certain. 
Since the experimental results in series F and G, 
in which the offspring were born of intraperi- 
toneally and intravenously injected mothers, re- 
spectively, are essentially identical, the following 
discussion is applicable to either series. 

On the assumption that fetal-lung tissue in 
strain A mice was susceptible to tumor elicitation 
with urethane, it should have been and was an- 
ticipated that a transplacental effect would be at- 
tained in some degree. Barcroft and co-workers 
(4) observed evidence of anesthesia in fetal lambs 
following maternal narcotization with urethane. 
Similar fetal anesthesia in other species was noted 
by others (7, 8,9, 10) with other anesthetics. Ure- 
thane is readily soluble in both aqueous and lipid 
media. After administration to the gravid mouse, 
this low-molecular-weight compound would be ex- 
pected to enter the fetal circulation mainly by way 
of the placenta and, perhaps in small amounts, 
by extraplacental diffusion from maternal tissues 
into amniotic fluid. 

That urethane concentrations in the fetal circu- 
lation can reach a level sufficient to bring about 
events leading to later appearance of lung tumors 
significantly greater in number than in control 
animals, is established by the data in tables 1 and 
2. These data demonstrate that offspring exposed 
to the agent during the final 24 hours in utero sub- 
sequently develop fully five times as many lung 
tumors as do mice whose mothers were injected 2 2 
to 5 days ante partum, In the absence of support- 
ing information in this species and strain, an ex- 
planation of the striking increase in response to 
late-in-term administration of the agent can be 
only conjectural. Either the 1-day offspring are 
more susceptible to the agent or their lungs are 
exposed to more of it. With regard to the former 
alternative, an increase in susceptibility in pul- 
monary tissue during the last 24 hours of gesta- 
tien, which would result in a fivefold increase in 
the number of tumors, is improbable. To attrib- 
ute the increase in tumors to a corres vonding 
increase in the number of cells in fetal 5 ort is 
not warranted. Explanation of the larger num- 
ber of tumors in the 1-day offspring on the basis of 
an increased quantity of urethane or a metabolite 
which comes into intimate contact with fetal pul- 
monary tissue is given support by information 
concerning other species. 

It is known that degeneration associated with 
increased permeability occurs in the placenta prior 
to and during the onset of labor. Such a change 
in the maternal-fetal relationship, if it takes place 
in the mouse, might account for the postulated in- 
crease in the level of urethane in the fetal circula- 
tion. It might be that the known permeability of 
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the placenta to maternal estrogens increases near 
term and that resulting increases in hormone titer 
in the fetal circulation condition the fetal lung 
to greater susceptibility to the agent by some as 
yet unknown mechanism. Unpublished data tend 
to refute this possibility, as no significant sex dif- 
ference has been observed in the tumor response 
of young adult strain A mice following single or 
repeated i injections of urethane. With or without 
possible increases in placental permeability, hor- 
monal modifications, and increases in competency 
or numbers of cells, the tumor response in the 1-day 
offspring might be the result of late-in-term modi- 
fications in fetal circulation or physiology, or both. 
Circulation has been studied extensively in near- 
and full-term fetuses of many species of experi- 
mental and domesticated animals and in man by 
many investigators. Unfortunately, in so far as 
the writer is aware, similar studies have not been 
extended to the mouse. Analogies which may be 
drawn in an attempt to explain the results of the 
present experiment are, perforce, predicated upon 
the presumption that maternal-fetal relationships 
and fetal circulation in the mouse and in larger 
animals are essentially the same from an: itomical 
and functional aspects. An extensive review of the 
literature dealing with fetal circulation is beyond 
the scope of this report. The interested reader is 
referred to the review and experimental work of 
Barclay, Franklin, and Prichard (77), the exten- 
sive works of Barcroft, Barron, Windle, and asso- 
ciates, Snyder and Rosenfeld, and others. In the 
genera and species studied in vivo the fetal cir- 
culation, roughly speaking, appears to be as fol- 
lows: Oxygenated blood flows from the placenta 
by way of the umbilical veins to the fetal liver, to 
the posterior vena cava where it is joined by he- 
patie veins, portal inflow, and venous return from 
more caudal parts of the body. The posterior 
caval channel bifurcates as it enters the heart, and 
most of the blood, in contrast with the situation 
in the postnatal or adult heart, enters the left 
atrium and is pumped by the left ventricle into the 
ascending aorta. Here some blood enters the coro- 
nary arteries, a larger portion enters the arteries 
supplying the cephalad parts of the body, and the 
remainder traverses the aortic arch to the descend- 
ing aorta from which it is distributed to the ab- 
dominal and caudally located arteries, and to the 
umbilical arteries, and back to the placenta. At 
the cardiac bifurcation the lesser portion of the 
posterior vena caval flow joins the entire anterior 
caval flow in the right atrium and is pumped by 
the right ventricle through the pulmonary valve to 
the pulmonary trunk. To this point, the anterior 
caval blood of the fetus follows the same course as 
that in the adult, but beyond this point the flow 
is different. In the postnatal or adult circulation, 
the blood in the pulmonary trunk enters the pul- 


monary arteries and returns to the left atrium by 
way of the pulmonary veins. In the fetus, the pul- 
monary arteries are largely bypassed, as the blood 
from the pulmonary trunk flows in large part 
through the ductus arteriosus and unites with the 
dese ending aort: a. The smaller portion of the blood 
which does not enter the ductus arteriosus flows 
through the pulmonary arteries, the lung capil- 
laries, the pulmonary veins, and thence to the left 
atrium. Since fetal lungs are not concerned with 
respiration per se, the blood entering the pulmo- 
nary arteries and capillaries serves only to supply 
the developing pulmonary tissue with anabolic re- 
quirements. The function of the ductus arteriosus 
in the fetal circulation, particularly that in the 
lamb, has been demonstrated in a series of papers 
by Barclay and co-workers. Pertinent radio- 
graphic evidence of the prenatal circulation and 
of the functioning ductus has been collected by this 
group (11). Their own work, together with that 
of other investigators which they review on rabbit, 
puppy. guinea pig, kid, and human fetuses, indi- 
cates that functional closure of the ductus arterio- 
sus begins immediately after parturition and the 
beginning of concomitant dilatation of the lungs by 
air and is complete within a matter of minutes. 
Anatomical closure requires a period of days or 
weeks. Obviously, if fetal circulation, and the 
changes which it undergoes at or following birth, in 
the mouse is the same as or similar to that in larger 
genera, one is hard pressed to correlate the sharp 
increase in susceptibility of fetal mouse lungs to 
urethane during the last day of intra-uterine ex- 
istence with corresponding increases in the flow 
of blood through the pulmonary arteries and capil- 
laries of the fetus. However, it must not be over- 
looked that the radiographic techniques of Bar- 

clay and others, advanced and elucidative as they 

are in other species, are essentially qualitative. It 
might readily be postulated that as gestation ap- 
proaches termination the fetus prepares itself for 
the sudden change from placental to pulmonary 
respiration. In order that the lungs be ready to 
take on their postnatal function of aeration of the 
blood, an increased flow in the pulmonary arteries 
and capillaries might be expected as parturition 
becomes imminent. A patent ductus arteriosus at 
the time of parturition, in the species studied by 
Barclay and others, does not necessarily preclude 
an increased volume of flow in the already func- 
tioning prenatal pulmonary arteries. An increase 
in pulmonary vascularity just prior to parturition 
is made more plausible by other evidence. 

The late-in-term increase in susceptibility of the 
fetal lungs to the beginning of events that lead toa 
later appearance of lung tumors might be asso- 
ciated either directly or indirectly with the phe- 
nomenon of prenatal respiratory movements. Evi- 
dence of this fetal activity has been reviewed by 
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Windle (72,13). The existence of prenatal rhyth- 


mical movements taking the form of shallow rapid 
breathing and sometimes of dyspneic gasping 
seems to be generally accepted by investigators in 
the field. Whether such movements are associated 
with aspiration of amniotic fluid is controversial. 
The evidence reviewed by Windle (72) and White- 
head, Windle, and Becker (7/4) suggests that as- 
piration of fluid, observed in varying degree by 
several investigators, may have been the result of 
experimental conditions. Windle and co-workers 
(8) observed aspiration of fluid into the trachea 
and bronchi but not into the alveoli of fetal guinea 
pigs in which the oxygen level in the blood had 
been lowered. These investigators appear to take 
the position that apnea is the rule in the physiologic 
embryo, and that respiratory movements, when 
observed experimentally, are the result of fetal 
anoxemia caused either by maternal anoxemia or 
by interference with maternal-fetal transport. On 
the other hand, Snyder and Rosenfeld (10), in 
experiments in which disturbances of physiologic 
conditions were minimal, observed anoxemic in- 
hibition of respiratory movements. In rabbit, cat, 
and guinea-pig fetuses, they frequently observed 
respiratory movements, described as rhythmical 
excursions of the chest wall and diaphragm, 
through periods of several hours. The phenom- 
enon appeared to be most frequently observed at 
full term. If one assumes that there are respira- 
tory movements in the fetal mouse during the final 
24 hours of intra-uterine environment, this phe- 
nomenon, in either of two ways, might increase the 
effective dose of urethane which contacts suscep- 
tible tissue. 

Urethane, particularly when administered in- 
travenously, markedly slows and sometimes com- 
pletely inhibits maternal respiration. If the in- 
hibition of respiration in the mother is reflected 
by an oxygen want in the late-in-term fetus, re- 


course to the position taken by the Windle group 
permits acceptance of the postulation that such 
anoxemia may bring about fetal respiratory move- 
ments when absent and stimulate them when they 
are present. Such movements might be expected 
to stimulate additional flow of blood through the 
pulmonary arteries even in the presence of a pat- 
ent ductus arteriosus. If respiratory movements 
are accompanied by aspiration of amniotic fluid, 
such an occurrence could be a factor in increasing 
the quantity of the agent contacting susceptible 
pulmonary tissue. 

The strikingly greater number of lung tumors 
encountered in mice whose mothers had been in- 
jected with urethane during the final 24 hours of 
gestation than in offspring born after long injec- 
tion-parturition intervals, may be caused by one 
or more of the physical and physiologic factors 
discussed. 

SUMMARY 


Offspring of strain A mice injected late in term 
with urethane exhibited significant increases in 
incidence and multiplicity of pulmonary tumors 
when examined at 6 months of age. The degree of 
tumor elicitation appeared to be the same in off- 
spring of mothers injected intraperitoneally or 
intravenously. 

Offspring of mothers injected during the final 
24 hours of gestation exhibited fully five times 
as many lung tumors as did mice whose mothers 
were injected 2 to 5 days ante partum. 

Gravid mice that received a single intravenous 
injection of urethane developed 33 percent more 
lung tumors than did similar mice injected intra- 
peritoneally. 

Physical and physiologic conditions associated 
with intra-uterine environment are discussed in the 
light of their possible roles in the sharp increase 
in susceptibility of fetal mouse lungs to the agent 
during the last 24 hours of gestation. 
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ENZYMATIC HYDROLYSIS OF HOMOLOGOUS AMINO ACID AMIDES IN NORMAL AND 
NEOPLASTIC TISSUES? 


By Maurice Errera, rescarch fellow, and Jesse P. GREENSTEIN, chief biochemist, National Cancer Institute, National 
Institute of Health, United States Public Health Service 


INTRODUCTION 


As part of a long-term comparative study of 
enzyme activity in normal and neoplastic tissues 
(7), it was observed that aqueous extracts of va- 
rious kinds of mouse and rat tumors rapidly hydro- 
lyzed peptides of a-aminoacrylic acid (dehydro- 
peptides) (2). Extracts of rat and of mouse hepa- 
tomas, for example, hydrolyzed these substrates 
much more rapidly than did those of normal liver. 

Dehydropeptides may in effect be considered as 
condensation products from the interaction of 
amino acid amides and a-keto acids (3). It was 
considered of interest, therefore, to study the sus- 
ceptibility of a variety of amino acid amides to 
enzymatic hydrolysis in digests of normal and of 
cancerous tissues. The dependence of this suscep- 
tibility upon the molecular configuration of sev- 
eral homologous substrates and upon other experi- 
mental conditions forms the basis of this report. 


EXPERIMENTAL PROCEDURE 


The substrates employed were glycine amide hy- 
drochloride (4), d/-alanine amide hydrobromide 
(4). dl-a-amino-n-butyrie acid amide hydrobro- 
mide (4), d/-valine amide, d/-leucine amide, and 
dl-norleucine amide. The three last-mentioned 
compounds were prepared as the free base by evap- 
oration in vacuo of ammonical solutions of the free 
dl-amino acid esters in absolute aleohol (5), fol- 
lowed by recrystallization from chloroform. All 
compounds were checked by total nitrogen analy- 
sis and by acid-labile amide nitrogen analysis. 
Aqueous solutions of the free bases were brought 
to pH 7.0 by additions of dilute hydrochloric acid. 
Stock solutions of glycine amide were 0.0125M, 
those of the racemic amides were 0.025M. 

The digestion mixtures were composed of 1 ce. 
of aqueous extract of rat or mouse tissue, plus 1 ce. 
of buffer at the pH designated, plus 1 ce. of either 
water or substrate solution. The ammonia pro- 
duced during the digestion was determined as de- 
scribed (6). The data were corrected for the ex- 
tract blanks. The primary rat hepatomas pro- 
duced by feeding rats p-dimethylaminoazobenzene 
were donated by Dr. J. White. 

Where manganese chloride was used as activator, 
the salt was dissolved in buffer solution and the 
pH carefully adjusted to that desired. 

In order to see whether the presence of an 
a-amino group in the amides was essential for 


' Received for publication October 6, 1947. 
2 On leave from University of Brussels, Belgium. 
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HOURS INCUBATION 


FigtreE 1.—Hydrolysis of dl-leucine amide at pH 8.8 in 
the presence of liver and of hepatoma extracts, plus 
glycine buffer containing manganese chloride to give a 
final concentration of 0.002M. Extracts equivalent to 
20 mg. tissue per cubic centimeter. Ammonia N corre- 
sponding to hydrolysis of one optical form, 175 micro- 
grams. 


enzymatic susceptibility, acetamide, chloroaceta- 
mide, and a-chloropropionylamide were included 
among the substrates studied. 

In the figures herein, the designations of 3x, 9x, 
etc., refer to the volumes of water used per gram 
of fresh tissue in the extracts. 


RESULTS 


Since most of the amides studied were racemic, 
it was necessary to know whether one or both opti- 
‘al isomers were enzymatically attacked. Study 
of all the substrates under conditions of maximum 
hydrolysis showed that only one optical isomer was 
attacked. Representative data on a few of the 
racemic amides are given in table 1 and in figure 1. 

Studies of the effect of pH of the digest on the 


TABLE 1.—Mavimal hydrolysis of amides* 





Micromoles am- 


Period monia N in— 
Substrate of incu- aoe ae 
bation 
| Kidney | Liver 
: | | 
Hours | | 
| 2 12.0 12.0 
dl-Alanine amide - - 4 12.0 12.0 
| 6 12.0 12.0 
| 2 10.0 11.0 
dl-a-Aminobutyric acid amide : 4 12.0 12.0 
| 6 12.0 | 12.0 
| 2 10.7 12.0 
dl-Leucine amide 4 11.4 12.0 
| 6 12.1 12.0 





1 Substrate concentrations 0.025M. Maximal ammonia N for one optical 
form, 12.5 micromoles. Tissue extracts equivalent to 333 mg. fresh tissue 
per cubic centimeter; pH, 8.8; Mn*+, 0.002M. 


71 








72 


rate of splitting of the substrates indicated that 
the pH at which the most rapid hydrolysis for all 
the amides occurred was about 8.8 to 9.0. This 
optimum pH was noted for liver, hepatoma, kid- 
ney, and spleen and was maintained whether added 
manganese Was present or not. Veronal-acetate 
buffers were employed for the pH range 6 to 8.5, 
while glycine-NaOH buffers were employed in the 
pH range 8.5 to 10.5. Representative data are 
given in figures 2, 3, and 4. 

The effect of substrate concentration as well as 
the effect of adding manganese chloride to the di- 
gests are illustrated in figures 5, 6, and 7. 
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Figure 2.—pH-Activity curves for the hydrolysis of d/-leu- 
cine amide with extracts of rat liver (21 mg. tissue per 
cubic centimeter) and of rat hepatoma (5 mg. tissue per 
cubic centimeter). Incubation period for digestion with 
liver, 1 hour; and with hepatoma, 4 hours. Final Mn~ 
concentration in liver digests 0.002M; substrate concen- 
tration, 0.025M. 
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Ficure 3.-—-pH-Activity curves for the hydrolysis of dl-ala- 
nine amide and of glycine amide in rat liver digests. 
Incubation period was 4 hours. Alanine amide digests 
contained equivalent of 111 mg., glycine amide digests 
333 mg. of fresh tissue. Substrate concentration, 0.025M. 
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Figure 4+—pH-<Activity curves for the hydrolysis of dl-leu- 
cine amide in digests with aqueous extracts of rat kid- 
ney and of rat spleen (5 mg. tissue per cubic centimeter ). 
Incubation period 1 hour. Digests contained equiva- 
lent of 50 mg. fresh tissue. Subtrate concentration, 
0.025M. 
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Figure 5.—Ammonia evolved from dl-leucine amide di- 
gested at different concentrations with extracts of rat 
liver and rat hepatoma (10 mg. tissue per cubic centi- 
meter). pH, 8.0. No added Mn present. Incubation 
period, 1 hour. 


A comparison of the rate of hydrolysis of the 
series of homologous amino acids studied under 
identical experimental conditions is given in table 
2. A-similar set of data, described in terms of per- 
cent hydrolysis of the substrates, is given in table 3. 

The observation (7) that added cysteine cata- 
lyzed the splitting of /-leucine amide by beef-spleen 
catheptic preparations at pH 5.2 prompted us to 
repeat this experiment using d/-leucine amide as 
substrate and a dialyzed preparation of rat liver as 
enzyme source. No activation was observed by 
added cysteine or ascorbic acid in digests at pH 5.2 
or at pH 7.0. 
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Fictre 6.—Ammonia evolved from dl-alanine amide di- 
gested at different concentrations with extracts of rat 
liver (166 mg. per cubic centimeter) in presence and 
absence of added Mn* at 0.002M concentration. pH, 8.0; 
incubation period, 2 hours, 
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FicurE 7.—Ammonia evolved from glycine amide digested 
at different concentrations with extracts of rat liver and 
rat hepatoma (333 mg. per cubic centimeter). No added 
Mn**. Ineubation period, 4 hours; pH, 8.0. 


DISCUSSION 


It is evident that all the amino acid amides stud- 
ied are susceptible to enzymatic hydrolysis in aque- 
ous extracts of all the animal tissues tested (tables 
2 and 3). At least for those tissues studied, the 
pH optimum for this hydrolysis is at 8.8-9.0 (figs. 
2-4). Behrens and Bergmann (8) reported that 
J-leucine amide is slowly hydrolyzed by papain, 
with a maximum activity at pH 4.7. Itis probably 
due to this observation that much of the work in 
Bergmann’s laboratory on animal tissues was per- 
formed at this low pH (7). 

That it is the amide group of these substrates 
which furnishes the ammonia observed follows 
from several lines of evidence. If the ammonia 
came from the a-amino group of the substrates 
rather than from the amide group, it could have 


arisen only by the action of d-amino acid oxidase 
on the d-isomer of the racemic compounds. Since 
the ammonia is evolved equally well under anaero- 
bic and aerobic conditions, this fact disposes of the 
possibility of oxidase action. Several investiga- 
tors used /-leucine amide as a substrate in tissue 
preparations (7-9), and hence it appears most 
probable that it is the /-isomer of our racemic sub- 
strates which is hydrolyzed (table 1 and fig. 1). 
This would leave as products of the reaction besides 
ammonia, the /-amino acid and the d-amino acid 
amide, Neither of the last two products would be 
expected to vield appreciable amounts of ammonia 
under the conditions of our experiments. 


TABLE 2.—Comparison of hydrolysis rates of homologous 
amino acid amides in aqueous extracts of rat tissues 





Micromoles x 100 substrate hydrolyzed per 
milligram total N in extract of rat 
tissues per hour 3 in 


Substrate !,? 


Hepatoma 4 


4 
-~ - = o 
: Elzg|s/|#)/ 8 
= = | oe | & te a 
-_ < Lh i=} < ~ 
Glycine amide 5 14 2 18 18 16 3 4 
dil-Alanine amide ° 300) 308) = 833 128 150 50 90 
di-a-Aminobutyrie acid 
amide ®_. 1, 500 780, 1,830 500 525 150 150 
dl-Valine amide * 750, 500 296 
dl-Norleucine amide * 4,000) 1,600 4,000 1,630) 1,050 500 
dl-Leucine amide ? 6,000 2,400 4,650 2,100) 1,155 500 








1 At 0.025M, except for glycine amide which was 0.0125M, in presence of 
0.002M MnCh. 

2 Acetamide, chloroacetamide, and a-chloropropionylamide are not 
hydrolyzed in extracts of liver and of kidney. 

3 Hydrolysis calculated on basis of susceptibility of one of two optical 
isomers; total available susceptible concentration=12.5 micromoles, pH 7.0. 
Results for dl-alanine amide and for dl-leucine amide in liver digests identical 
under anaerobic conditions. Boiled extracts possessed no activity. 

4 Donated by Dr. J. White. Primary tumors produced by feeding 
p-dimethylaminoazobenzene. 

5’ Hydrochloride. 

6 Hydrobromide. 

? Free base neutralized with HCl. 


Taste 3—Hydrolysis of amino acid amides in aqueous 
ertracts of mouse tissues 





Percent substrate hydrolyzed per hour in mouse 
tissue ! 









= 








Substrates x = 

~ 6 of aie 

Bs pi. ola 

3 = B] ow 
Glycine amide 12 y y 9 6 8 
dl-Alanine amide. ; 45 60 65 60 18 35 

dl-a-Aminobutyric acid 

amide...... ¥ 100 90 90 70 | 30 52 
dl-V aline amide — 45 50 35 30 16 15 
dl-Norleucine amide 100 80 90 80 45 55 
dl-Leucine amide _ - - 100 100 90 90 5O 60 
1 Extracts equivalent to 88 mg. tissue per cubic centimeter; pH, 7.2. For 


other conditions see table 2. 
2 Donated by Dr. A. B. Eschenbrenner. 
3 Donated by Dr. W. E. Heston; C3H strain mice. 
4 Donated by Dr. J. White. 
5 Donated by Dr. A. J. Dalton; A strain mice. 
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The effect of increasing the concentration of sub- 
strate, as shown in figures 5-7, shows how difficult 
it is to saturate the enzyme with substrate. The 
activity of the enzyme or enzymes involved in the 
hydrolysis of the amino acid amides is increased by 
addition of manganese chloride to a final concen- 
tration of 0.002M in all the digests studied. The 
activating effect of manganese was observed 
recently by Fruton (J/). 

The relative rates of hydrolysis of the homolo- 
gous series of amino acid amides follow the same 
order in all the tissues studied (tables 2 and 3), 
namely, in ascending order: glycine amide, alanine 
amide, valine amide, aminobutyric acid amide, 
leucine amide, and norleucine amide. With the ex- 
ception of valine amide and aminobutyric acid 
amide, the rate of hydrolysis of the amides in- 
creases With increasing length of the hydrocarbon 
side chain. The discrepancy involving valine 
amide and aminobutyric acid amide may possibly 
be due to the fact that the former possesses a 
branched, and the latter a straight hydrocarbon 
chain. On the other hand, in the case of norleu- 
cine amide and leucine amide, although the former 
possesses a straight and the latter a branched hy- 
drocarbon chain, their rates of hydrolysis are not 
very different (table 2). 

The capacity to hydrolyze the isomeric leucine 
amides is highest in kidney and in liver. Muscle 
amd pancreas attack all the amides relatively 
weakly. Although extracts of the primary rat 
hepatoma hydrolyze glycine amide at a faster rate 
than do extracts of rat liver and alanine amide at 
an equal rate, the capacity of the hepatoma to hy- 
drolyze valine amide, aminobutyric acid amide, leu- 
cine amide, and norleucine amide is appreciably less 
than that of liver (table 2). Glycyldehydro- 
alanine, which might be considered as a condensa- 
tion product of glycine amide and pyruvic acid, is, 
like glycine amide, hydrolyzed more rapidly by ex- 
tracts of the hepatoma than of the liver (2). No 
data exist on dehydropeptides with alanine, valine, 
or leucine as the acyl amino acids. In the case of 
corresponding mouse tissues, the capacity of the 
transplanted hepatomas to hydrolyze each of the 
amino acid amides is not appreciably different from 
that of normal mouse liver (table 3). 

An interesting problem which arose in the course 
of the present studies is whether there is a single 
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amino acid amidase that hydrolyzes all the amino 
acid amides studied at different rates, or whether 
each substrate is hydrolyzed by a different amidase. 
The possibility that two or more different sub- 
strates, but not all, can be split by the same en- 
zyme is also not excluded, The fact that the order 
of hydrolysis rates for the various substrates is 
the same in all the tissues studied (tables 2 and 3) 
would suggest the presence of a single amidase. 
On the other hand, the turn-over ratio of alanine 
amide to leucine amide is different in liver and 
kidney, for example, as well as in liver and hepa- 
toma (table 2). A solution to the problem raised, 
however, cannot be readily obtained by comparing 
the properties of crude tissue extracts. A better 
approach is through the successive fractionation 
of a single tissue, testing the hydrolysis rate for 
each substrate with each successive fraction. Such 
a study is contemplated. That the enzyme or en- 
zymes concerned require the presence of a free 
a-amino group on the substrates is shown by the 
failure of the corresponding a-chloro-substituted 
amides to be hydrolyzed (table 2). 


SUMMARY 


The hydrolysis of glycine amide, d/-alanine 
amide, ¢/-a-aminobutyric acid amide, d/-valine 
amide, ¢//-leucine amide, and d/-norleucine amide 
was studied in aqueous extracts of a number of 
normal and neoplastic tissues of the rat and the 
mouse. The pH of optimum activity was 8.8—9.0. 
and the activity was increased by added manganese 
chloride. 

The substrates were hydrolyzed in extracts of 
all tissues studied, including liver, kidney, spleen, 
brain, muscle, pancreas, hepatoma, and a number 
of mouse tumors. In each tissue, the relative order 
of splitting of the substrates was the same, glycine 
amide <alanine amide <valine amide <amino- 
butyric acid amide <leucine amide, norleucine 
amide. 

Glycine amide was split faster in primary-rat- 
hepatoma extracts than in rat-liver extracts, ala- 
nine amide was split equally fast in extracts of 
both tissues, while the other amides were hydro- 
lyzed faster in extracts of liver than of hepatoma. 

The corresponding a-chloro-substituted amides 
were not hydrolyzed. 
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NOTE ON BENZOYLARGININEAMIDASE 


ACTIVITY IN EXTRACTS OF RAT LIVER 


AND HEPATOMA!? 


By Jesse P. GREENSTEIN, chief biochemist, and FLORENCE M. LeutHarpt, junior biochemist, National Cancer Institute, 
Vational Institute of Health, United States Public Health Service 


Greenstein and Leuthardt reported that benzoyl- 
/-arginineamide was hydrolyzed at pH 6.9 in fresh 
aqueous extracts of rat liver and of the primary 
hepatoma induced in rat liver by the feeding of 
p-dimethylaminoazobenzene (7). On the basis of 
the original wet weight of tissue taken, there was 
no appreciable difference in the rate at which the 
normal and the cancerous tissues hydrolyzed the 
substrate. On the other hand, Zamecnik and 
Stephenson reported that at pH 5.0, aqueous ex- 
tracts of the hepatoma hydrolyzed benzoyl-/-argin- 
ineamide at a faster rate than did extracts of the 
normal liver (2). 

It occurred to us that this apparent discrepancy 
might be due to the fact that in the two studies the 
enzymatic activity was measured at a different pH. 
The relation of enzvinat ic act ivity to pH Was there- 
fore measured over a wide range of pH in digests 
of rat liver and of the primary rat hepatoma with 
benzovlarginineamide. The digests consisted of 
1 cc. of fresh aqueous extract of normal liver or of 
the necrosis-free, primary rat hepatoma equivalent 
in each case to 333 mg. fresh tissue, plus 2 cc. of 
(.14M veronal acetate buffer at various pH. plus 
| cc. of either 0.025M benzoyl-/-arginineamide hy- 
drochloride or of water A third series of digests 
Was prepared by using an aqueous extract of nor- 
mal rat liver (6 mg. total N per cubic centimeter) 
diluted with water until the total nitrogen content 
per cubic centimeter was equal to that of the hepa- 
toma (2 mg. total N per cubic centimeter). The 
digestion period was + hours at 37°C. At the end 
of this period, the liberated ammonia was ceter- 
mined as before (7). and the experimental values 
were corrected for the extract blanks. The pH of 
the digests was determined at each point before and 
after the incubation. With the exception of the 
digests at the highest pH ranges. namely, 7.5-8.0, 
where a drop of 0.1 in pH was noted, the final pH 
values of the digests were nearly identical with the 
initial values. All experiments were performed 
in duplicate. The data are given in figure 1. 

Comparison of the hepatoma and of the liver 
(1) curves resolves the discrepancy between the 
observations of Greenstein and Leuthardt and 
those of Zamecnik and Stephenson. At neutral 
pH. there is relatively little difference in the hy- 
drolysis of the substrate in extracts of liver and 
hepatoma, whereas at pH 5.0, there is a consider- 
able difference. The optimum pH for the activ- 
ity of benzoylarginineamidase in both liver and 

' Received for publication October 6, 1947. 

* The primary hepatomas were originally induced in rats by the 


feeding of p-dimethylaminoazobenzene and were donated by Dr. 
J. White. 
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Ficgtre 1.—The hydrolysis of benzoyl-/-arginineamide as 
a function of pH. Hepatoma and liver (1) curves based 
on equal amounts of wet weight of tissue taken; hepa- 
toma and liver (2) curves based on equal amount of 
total N in the extracts. 


hepatoma is 6.2, and at this pHi. the activity of the 
enzyme in the tumor is much greater than in the 
normal liver. On the alkaline side of this optimum 
pH, the activity in the hepatoma extracts falls 
off rapidly with increasing pH, so that from pH 
7 on, the difference in activity between liver and 
hepatoma is almost inappreciable. At the opti- 
mum pH and at more acid ranges, there is no ques- 
tion but that the hepatoma is more active than 
normal liver in hydrolyzing benzoylargininea- 
mide. This difference is further emphasized by a 
comparison of the hepatoma and liver (2) curves 
based on equal total nitrogen contents in the re- 
spective extracts.° 

Fruton and Bergmann reported that the activity 
of their beef-spleen catheptic preparations in hy- 
drolyzing benzoylarginineamide was optimal at 
pH 4.7 (“). It is difficult to compare their findings 
with ours, since Fruton and Bergmann were work- 


The activity of extracts of the transplanted rat hepatoma 31 
on any basis was found to be greater than that of normal liver (7). 
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ing with an acidified and isolated protein fraction, 
whereas we have utilized the complete tissue ex- 
tract. 

In the earlier report, Greenstein and Leuthardt 
(7) described an inhibitory action of added inor- 
ganic phosphate at pH 6.8-7.0 on the hydrolysis of 
benzoylarginineamide in tissue extracts. In view 
of the steep character of the pH-activity curve 
(fig. 1), whereby it is conceivable that relatively 
small changes in pH during the digestion would be 
reflected in large changes in enzymatic activity, it 
was considered desirable to check certain of the 
earlier observations on the effect of phosphate, 
while making every effort to maintain a nearly 
constant pH in the digests. Data on rat-liver ex- 
tracts are given in table 1. 

The data in table 1 confirm our earlier observa- 
tions. The very slight difference in the final pH 
of the digests with and without added phosphate 
would amount to about 0.2 micromoles of ammonia 


nitrogen (fig. 1). With this correction, the value 
in table 1 for the micromoles of ammonia nitrogen 
hydrolyzed from the substrate in the presence of 
phosphate becomes 1.5 instead of 1.3. The striking 
inhibitory action of added phosphate in this case 
takes on added interest in view of the equally 
striking activating influence of added phosphate 
on the desamidation of glutamine (4). Care in 
the use of phosphate as a component in buffer sys- 
tems for enzyme studies is indicated. 


TaBie 1.—Effect of added inorganic phosphate on the ac- 
tivity of benzoylarginineamidase in rat liver extracts * 





Final pH Micromoles 


Digest Initial pH ammonia N 
No added phosphate 6.65 6.61 pe 
With added phosphate 6. 66 6. 64 1.3 





| Digests and conditions as in text. Rat-liver extract equivalent to 333 meg 
fresh tissue per cubic centimeter. Sodium phosphate dissolved in the veronal 
buffer to give a final concentration in the digest of 0.075 M. Experiments 
were performed in duplicate. 
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EFFECTS OF METHYLCHOLANTHRENE IN PREGNANT MICE*? 


By L. C. Srrone and W. F. HoLitanper, Department of Anatomy, Yale University School of Medicine 


INTRODUCTION 


Very few studies have been reported on the ef- 
fects of carcinogenic compounds in pregnant ani- 
mals or on embryos. Law (/) injected an olive- 
oil solution of 1, 2, 5, 6-dibenzanthracene into the 
amniotic fluid of 14-day mouse embryos (i. e., ges- 
tation two-thirds completed). The embryos were 
hybrids between two partially inbred strains (Car- 
aculand P). Ee found that abortions and prema- 
ture birth were the common result; and of the 
surviving young, the great majority developed 
lung tumors by the age of 200 days. Regular de- 
velopment of lung tumors also followed intra- 
peritoneal injections into day-old mice. 

Wolfe and Bryan (2) injected large daily doses 
of carcinogens (chiefly 1, 2, 5, 6-dibenzanthra- 
cene), dissolved in sesame oil, subcutaneously into 
rats throughout pregnancy. In most cases, placen- 
tal hemorrhage began about midpregnancy, fol- 
lowed by death and resorption of most but, not 
necessarily all embryos. 

Greene (3) reported early tumor development 
from embryonic tissues impregnated with methyl- 
cholanthrene and grafted subcutaneously or else- 
where into adult hosts of the same strain or even 
other strains. 

In this laboratory, thousands of mice of various 
strains have been given a single subcutaneous in- 
jection of 1.0 mg. of methylcholanthrene dissolved 
in 0.1 ce. of sesame oil at the age of 60 days. At 
this age a majority of the voung females are sexu- 
ally mature and may be already pregnant. Strong 
(4, 5, 6) has reported on mutations and other 
changes in the descendants of such mice, treated 
generation after generation. Reproduction has 
not been seriously interfered with by this treat- 
ment, although some evidence of excessive em- 
bryonic mortality has been noted. Moreover, car- 
cinogenesis in embryos has not been observed fol- 
lowing subcutaneous injection of the mothers. It 
seemed desirable to investigate further the effects 
of methylcholanthrene during pregnancy, both as 
to possible genetic changes and neoplasia. 

Reciprocal crosses between mice of several in- 
bred strains were consequently started, and the fe- 
males were injected when pregnant. The hybrid 
offspring might be expected to disclose maternal 
transmission such as the milk influence, as well as 
genetic changes in the form of somatic mosaic ef- 
fects. 

MATERIALS AND METHODS 


Since this was essentially an exploratory study, 
simple methods were chosen. In view of the indi- 


! Received for publication September 23, 1947. 

? This experiment was made possible by grants from The Jane 
Coffin Childs Memorial Fund for Medical Research and The Anna 
Fuller Fund. 


rectness or remote location of subcutaneous injec- 
tions into the mother and the drastic results of 
intra-amniotic injection, we decided to inject once 
intraperitoneally at about the time of conception. 
By this means, it was hoped that the embryos would 
be exposed throughout pregnancy to some methyl- 
cholanthrene or its decomposition products in the 
blood plasma. The dose was 1.0 mg. in 0.1 cc. of 
sesame oil. 

The strains of mice used were A, C3H, JK, L, 
C57, and I. The origins of these strains are dis- 
cussed by Strong (7). Genetic formulas for known 
genes in these strains are given in table 1. 


TABLE 1.—Genetic formulas for mice of various strains 











Strain | Genetic formulas ! 
| reer a/ | b/ c/ P+ / “) is / Set 
| ja Ib le /P+ | D+ | ; St Is 
C3H At / Bt Cry Pri | i S+/ Set 
/ A+ / + / C+ / P+ } D+ Is | se 
cK... a/ b/ Cry p/ | D+/ S* / “ 
/a ib {Cr |} ip | / D+ /S* se 
oe... a/ Bt Cry P+ / | Dt / Ss | Set 
| /a / B+ / c+ /P+ | /D+ | s+ | se 
b..--5:) B+ / echy | P+ | D+ | st/ Set 
/Aw / B+ [ech [ps |p: /s* | se: 
_ See a b/ Cry/ |} p/ d/ s/ Set / 
a /b /C+ /p | ld Is / set 
| Aw, white-bellied agouti s, piebald e*>, chinchilla 
ce, albino a, non-agouti d, dilute 
p, pink-eyed-dilute b, brown se, short-eared 


+, wild-type allele 


The crosses most employed were A XC3H and 
C3HxJK. The hybrids are heterozygous for 
three color genes. Because chromosomal aberra- 
tion might be expected to occur in the embryos of 
the treated mothers, these genes afford some oppor- 
tunity for its recognition by mosaic effects. 

The parent mice used were relatively young (2-5 
months) and healthy. They were given the cus- 
tomary care of this laboratory as described in 
previous papers. Daily observations (except Sun- 
day) were made for vaginal plugs and indications 
of pregnancy (including the “placental sign”), as 
well as for parturition. Most of the F, offspring 
born within 90 days after the single injection of 
methylcholanthrene into the females were raised. 
After 4 months, the treated females were separated 
from the males and observed weekly for tumors. 

Controls (uninjected) were handled in the same 
way as the females of the treated series. In some 
instances, a female to be injected produced a litter 
before treatment, and this record was added to the 
control series. All young born of untreated 
females were killed soon after birth. 

No attempt was made to check the effect of in- 
jecting sesame oil without methylcholanthrene, 
but, as indicated in the general discussion, this 
omission is probably not serious. 
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As a separate brief test, several females of vari- 
ous strais were injected intraperitoneally in late 
pregnancy (twelfth to nineteenth day). In all 
cases. there were normal parturition and lactation, 
and the young grew well. 

In another brief test, several of the early injected 
females were killed at intervals of different length 
after injection, and the peritoneal cavity was exam- 
ined under ultraviolet light to estimate the per- 
sistence of the methylcholanthrene. In most cases, 
Huorescence was greatly diminished or absent by 
the third week. 

RESULTS 


The present report includes the results obtaincd 
with the treated mice and the F, hybrids up to the 
end of 1 vear after the original injection. Since 
many of the animals are still alive, complete statis- 
tics on tumor incidence in F, cannot be given. but 
the principal conclusions to be drawn seer appar- 
ent already. 

For about a week after the injection of methyl- 
cholanthrene, ho visible effect Was observable. 
About the middle of pregnancy. however, there 

as frequently a discharge of dark blood from 
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the vagina. The amount could rarely be consid- 
ered serious hemorrhage, but it was definitely in 
excess of the usual traces at this time, the “pla- 
cental sign.” Where the blood flow was observed, 
pregnancy generally ended in resorption of the 
embryos, although a few young were born. Ap- 
parently there were no premature births. 

Table 2 shows the contrast between strains in 
the effect of treatment. Females of strains C3H 
and A have a high frequency of embryonic death, 
especially in the first pregnancy, while strain JK 
females show practically no difference from the 
control, Reduced numbers of young per litter con- 
tinued for subsequent pregnancies in females of 
strains C3H and A, though complete loss of em- 
bryos was uncommon, 

In spite of the great mortality of embryos, only 
half a dozen young were born dead or deformed, 
The difference between the treated and the con- 
trol females in this respect was apparently insig- 
nificant. In general. the F, mice have been vigor- 
ous and prolific. The sex ratio has not been sig- 
nificantly changed from 1:1. Mosaic color effect= 
failed to appear. One male C3HXJK from a 
litter of two showed a peculiar hair whorl at the 
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end of the nose. Extensive progeny tests demon- 
strated that the trait was not inherited. 


CARCINOGENIC ACTION ON INJECTED MICE 


Mammary adenocarcinomas occur spontaneously 
in many females of strains C3H and A by the age 
of about 1 year. The frequency in our intraperi- 
toneally injected mice was clearly not increased 
(table 3). While this type of tumor is not found 
in untreated JK females, 2 cases did appear among 
the 14 injected female mice of this strain. A simi- 
lar observation on JK female mice was made by 
Strong and Smith (8) following the subcutaneous 
injection of methylcholanthrene. 


TABLE 3.—NMortality of female mice injected intraperitone- 
ally at the age of 2-5 months with 1 mg. of methylcholan- 
threne in 0.1 ce. of sesame oil 





= Died, no Mammary Other tu- 
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C3H 16 3 l 0 5 2 0 5 
- f il, , 
_ 14 3 0 0 Leis 1 2 6 
C57 8 l 0 0 0 1 0 6 
I 2 0 0 0 0 0 2 0 
I 5 1 3 0 0 0 0 1 





Subcutaneous fibrosarcoma at site of injection. 
2 Leukemia. 
Lung pearls present 
* Also a bronchiogenic carcinoma of the lung. 
Myxoma. 


Subcutaneous injection of this dose of methyl- 
cholanthrene readily induces local fibrosarcomas in 
mice of strains C3H, C57, L, and A, but much less 
soinJK and I. With the same dosage, but intra- 
peritoneally, we do not find the same relative 
susceptibility, and most of the tumors that have 
appeared seem rather benign and late. 

The animals surviving a year following the in- 
jection of methylcholanthrene died or were killed 
shortly thereafter. Most noteworthy is the great 
frequency of small lung tumors (“pearls”) in fe- 
males of strain A. Ina few cases, the lungs were 
almost entirely filled with these tumors. A few 
tumors of this kind have also been found in many 
surviving females of all the other strains. Next 
most common have been hemangiomas, mostly 
small, in the wall of the uterus or intestine. Sev- 
eral females of strains A and C57 showed also one 
ovary enlarged and red (cystic). 

The only tumors observed thus far in the F, mice 
have been mammary adenocarcinomas in females 
having C3H or A mothers (milk influence?) and 
in two females from JK mother X C3H father. 


Of 75 F, males killed at the age of 1 year, not 1 
had a tumor of any kind. The methylcholan- 
threne treatment of the mothers seems to have had 
no definite carcinogenic action on their young. 


DISCUSSION 


The most definite positive effect of the injection 
of methylcholanthrene into pregnant mice has been 
embryonic death. The surviving hybrid offspring 
seem to have been relatively unaffected. 

What can be the physiologic basis for the embry- 
onic death? It seems quite comparable with the 
results obtained in rats by Wolfe and Bryan (2), 
using other carcinogens dissolved in sesame oil. 
They found no disturbance following injection of 
plain sesame oil and concluded that the hydro- 
carbons had a specifically toxic action on gesta- 
tional tissues. They were unable to relate this 
effect closely to carcinogenicity since even 1,2-benz- 
anthracene (a weak carcinogen) produced it. 

The toxic action, if any, is evidenced by uterine 
hemorrhage and death of the embryo, but a direct 
action on the embryonic tissues seems unlikely. 
The mother appears to be the primary target. from 
the results of the reciprocal crosses of C3H * JK. 
The female hybrid embryos are of identical genetic 
constitution, as are the males, except for possible 
sex-linked genes. Nevertheless, those in C3H 
mothers have high mortality while those in JK 
mothers do not. It may be significant that mice 
of the strains in which this high embryonic mor- 
tality is found are also quite susceptible to local 
tumor induction with subcutaneously injected 
methylcholanthrene. 

The uterine disturbance produced by these car- 
cinogens seems suggestively similar to the effects 
of vitamin A deficiency, as reported for the rat by 
Mason (9). Hemorrhage such as we have noted 
also occurs with vitamin A deficiency, and some 
of the embryos may survive. Several investigators 
(/0-13) have shown that carcinogens such as 
methyleholanthrene and dibenzanthracene can pro- 
duce depletion of vitamin A stores in the liver of 
rats and mice. This effect seems to be fairly spe- 
cifie and not produced with phenanthrene or other 
noncarcinogenic hydrocarbons. It seems possible. 
therefore, that disturbance of vitamin A metabo- 
lism of the mother during critical periods of gesta- 
tion is the basis for the embryonic mortality in our 
experiment, and that in the JK mothers such a 
disturbance is less easily induced than in C3H or 
A mothers. 

However, definite signs of vitamin A deficiency 
have not been observed either in the mother mice 
or the surviving offspring. Perhaps an effect on 
the corpus luteum is involved, since this gland 
also stores carotenoids. The problem therefore 
needs further investigation. Whether the methyl- 
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cholanthrene (or its metabolites) ever reaches the 
embryos is not clear from the present experiment, 
although mutations in subsequent generations, 
which will be reported elsewhere, indicate this 
probability. 

In regard to the carcinogenic action of the 
methyleholanthrene by intraperitoneal injection, 
we wish to emphasize the iiemes from results 
with subcutaneous injections. By the latter route, 
local fibrosarcomas are readily induced with the 
dlosage that we have employed, while intraperi- 
toneally it is much less potent. Carruthers (/2) 
obtained visceral tumors in Swiss mice with re- 
peated intraperitoneal injections, but no compari- 
son with the subcutaneous route was made. In this 
connection, the relatively rapid disappearance of 
fluorescence from the peritoneal cavity is note- 
worthy. Subcutaneously injected methylecholan- 
threne is recognizable by fluorescence for a far 
longer period, four or five times as long. 


SUMMARY 


Female mice of several strains'were mated with 
males of other strains and injected intraperitone- 


ally at about conception with 1 mg. of methylcho- 


lanthrene in 0.1 ce, of sesame oil. 

High embryonic mortality resulted in females of 
strains C3H and A, but not in JK. Since the em- 
bryos in reciprocal crosses are genetically the same, 
the immediate action of the carcinogen must be on 
the mother rather than directly on the embryo. 
In view of other studies showing disturbed metab- 
olism of vitamin A after carcinogen injections, it 
is suggested that this may be the main basis for 
the embryonic mortality. Evidently the females 
of strain JK are more resistant to this disturbing 
action of methylcholanthrene than are females 
of strains C3H or A. 

Intraperitoneal injection of methylcholanthrene 
was found much less effective in producing tumors 
than was a subcutaneous injection of the same dose. 
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PROCEDURE FOR THE FIXATION, STAINING, AND MOUNTING OF WHOLE MOUNTS 
FROM TISSUE CULTURES GROWN IN CARREL D 3.5 FLASKS? 


By WIiLton R. Eare, principal cytologist, with the technical assistance of EMMA SHELTON, junior cytologist, Mary 
FRANCES Brown and Nancy Straus, National Cancer Institute, National Institute of Health, United States Pub- 


lic Health Service 
INTRODUCTION 


In studies of tissue cultures in this laboratory 
over a period of years, nearly all cultures have been 
grown in Carrel D 3.5 flasks. While living cells 
can be routinely photographed in such flasks, by 
using a 16-mm. or 8-mm. objective and working 
at a magnification of from 200 to 1,000 on the 
camera previously described (7), it has often been 
necessary to obtain fixed and stained preparations 
of such cultures. Procedures have already been 
described by which fixed and stained preparations 
have been obtained from hanging- or lying-drop 
slide cultures explanted from such Carrel D 3.5 
flask cultures (2). Such methods have proved to 
be of value in the study of the Golgi apparatus and 
are necessary in a detailed study of such minute 
structures as chromosomes or mitochondria. How- 
ever, a procedure has been needed by which a cul- 
ture growing under control conditions in a Carrel 
flask could be fixed, stained, and mounted as a 
whole-mount preparation for general microscopic 
examination without the disturbance of the cul- 
ture, change in cell relations. and loss of control 
conditions necessarily associated with transfer of 
the cells to slide culture, 

The method finally worked out and in routine 
use in this laboratory has proved so useful that a 
description of the procedure and equipment are 
given herein. 


EXPERIMENTAL PROCEDURE 
KILLING AND FIXATION 


At least 12 hours before fixation and preferably 
immediately after the last fluid change. cultures 
to be fixed are selected and placed in flask racks (2) 
specially reserved for use with fixing fluids. The 
cultures are then incubated as usual. At the time 
of fixation, one rack is removed from the incubator. 
Without removing the flasks from the rack, the 
rubber stoppers are rapidly removed from the 
flasks, and the whole rack is inverted so that the 
fluid culture medium from all flasks is run out into 
a sink or waste jar. Freshly prepared formalin- 
dichromate,? warmed to 38° C., is at once added to 
fill all flasks, and the rack is returned to the in- 
cubator. This addition of fixing fluid to the culture 
is completed as rapidly as possible to avoid cell 


? Received for publication August 12, 1947. 

* This solution consists of 10 to 12 ce. of formalin (37 percent 
formaldehyde gas) made up to 100 ce. with 3 percent potassium 
dichromate. Both formalin and potassium dichromate are chem- 
ically pure, and solutions are made up in distilled water. The 
solution must be prepared just before use and is discarded when 
it shows any signs of darkening. 


changes which might result from handling or cool- 
ing. This procedure should take less than 3 min- 
utes after removal of a rack from the incubator. 
The fixing solution is allowed to remain on the 
cultures for about 10-15 minutes in order to pene- 
trate the thickness of the plasma clot and kill all 
cells. The cultures are then removed from the in- 
cubator. All subsequent operations are carried out 
at room temperature unless otherwise noted. Im- 
mediately after removal from the incubator, the 
fixing solution is changed and again changed after 
periods of 10, 15, 15, 30, and 60 minutes, and 6, 24, 
and 48 hours, respectively. 


REMOVAL OF CULTURE FROM FLASK 


Culture flasks are then rinsed out with tap water, 
filled to the neck with water, and the circular sheet 
of fibrin clot with its contained culture is dissected 
off from the floor of the flask. 

This loosening of the plasma clot is usually done 
by means of the special spatula previously de- 
scribed (3). With the relatively sharp edge of 
the spatula kept against the floor of the flask, the 
clot is pushed loose from the glass with rapid, 
short, sharp strokes of the fer starting at the 
flask throat and working evenly across the width 
of the flask. The floor of the flask is meanwhile 
held inverted and at an angle of about 30° with 
the horizontal, so that once the edge of the clot 
has been rolled loose from the floor near the throat 
of the flask, its own weight tends to pull it away 
from the glass and roll it over the free surface of 
the plasma sheet still adherent to the flask. 

When the culture has been hardened in the flask, 
the plasma is so brittle that it cannot easily be 
worked loose in this way. Instead a special clock- 
spring spatula * (fig. 1) is used. This is done by 
holding the flask with its floor down and horizon- 
tal, while the cutting edge of the spatula is 
pushed between the plasma and the glass. Long, 
slow, sweeping strokes are used, and care is taken 
to withdraw the spatula before changing its posi- 
tion laterally. After either method of dissection, 
the plasma clot and its contained culture, together 
with the overlying fluid, are poured and shaken 
out of the flask. This clot and culture with the 
supernatant wash water are then poured into la- 
beled, 4-ounce, wide-mouth specimen bottles with 
a throat diameter of at least 40 mm. to allow easy 


8 This instrument is ground (on an emery wheel) to shape from 
steel clock spring of 10-mm. width and 4%-mm. thickness, while 
edges indicated in figure 1 are first rough sharpened on the emery 
wheel then polished fairly sharp on a fine Arkansas oil hone. 
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Figtre 1, Spatula used for dissecting out hardened culture 
from Carrel D 3.5 flasks. 


insertion of the cultures. The water is drained off, 
and 3 percent potassium dichromate is added. 


HARDENING 


Cultures are hardened 5 to 8 days in 3 percent 
potassium dichromate solution at 4° C. The solu- 
tion must be changed at any sign of discoloration. 
Because of formalin carried over from the forma- 
lin-dichromate fluid, this may necessitate two 
changes the first day, one the second, and possibly 
one the third day. 


WASHING 


After hardening, the specimen bottles are un- 
corked and covered with a layer of medium-mesh 
surgical gauze held over the mouth of the bottle 
by a rubber band, The bottles are then filled with 
water, inverted under water, and placed in a slop- 
ing position on the washer.*| They are washed 
about 24 hours in tap water, after which each cul- 
ture is transferred to a labeled low Stender dish. 

Tissues to be stored before staining are passed 
up through 35, 50, and 65 percent alcohols, about 
10-15 minutes in each, and finally stored in 80 per- 
cent alcohol. When needed for staining, they are 
passed down through 65, 50, and 35 percent alco- 
hols and then placed in a mixture consisting of 
2 parts of water, 1 part of alcohol, and 1 part of 
glycerin. Tissues to be stained without storage 
may be transferred to this glycerin-alcohol mix- 
ture directly after washing. They must be held 
under the surface in this solution as they have a 
tendency to rise and float on the surface, which 
would allow the top layer of cells in the culture to 
dry out and shrink. 


‘The general design of this washer is shown in figure 2 
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Fictre 2.—Cross section of tissue washer. Whole washing 
rack is contained within a standard stone laboratory 
sink about 36 x 18 x 1S inches in size. The wooden 
rack supporting the specimen bottles is anchored into 
the sink so that it does not float. The water inlet is 
well away from the specimen bottles so that air coming 
in with the water does not rise under the bottles, filling 
them with air and causing them to float free. The 2 
small (44-inch) drain holes near the bottom of the drain 
pipe carry off the heavier waste fluid from the bottles. 
the bottles are sloped so that air bubbles from the water 
do not readily enter them. 


STAINING 


For staining, cultures are handled in lots of 
about 20. Cultures are stained 2 hours in a spe- 
cial iron hematoxylin.” A layer of hematoxylin 
not less than 1 cm. deep in each dish is satisfac- 
tory. At the end of 2 hours the hematoxylin is 
drained off, filtered, and returned to the stock bot- 





* This solution is made up as follows : 

Solution A, 0.9 gm. hematoxylin, and 25 ec. absolute alcohol: 
solution B, 15.0 gm. ferric ammonium sulfate, crystalline reagent, 
and 50.0 cc. distilled water ; solution C, 15.0 gm. ferrous sulfate, 
erystalline reagent, and 50.0 ce. distilled water: solution D, 25 ce. 
absolute aleohol, and 50 ce. glycerin. 

These solutions are freshly prepared at room temperature. 
When ready, A and B are mixed with shaking, and the mixture is 
allowed to stand in an open flask for 2 hours at room temperature. 
Solution C is then added and mixed. Thirty minutes later, solu- 
tion D is added, and the entire solution mixed and kept overnight 
in a glass-stoppered bottle. When kept at room temperature, this 
solution is good for 30 to 60 days for staining of whole-mount 
tissue cultures from Carrel D flasks but should be discarded when 
it begins to give the fibrin matrix of the culture a diffuse, often 
brownish stain. For sections, the stain may be used much 
longer as described by Earle (4). and by Lillie and Earle (5). 
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FIXATION AND STAINING 


tle. The Stender dish containing the culture is 
rinsed with distilled water, drained, and filled 
with distilled water. If the work is done rapidly, 
by the time all cultures have been rinsed and water 
has been added, the water in the first culture is 
deeply stained with hematoxylin soaked out from 
the culture and is ready to be drained. After drain- 
ing. fresh water should be added. Washing each 
culture with distilled water is continued as rap- 
idly as possibly through several changes of water. 
With each washing, the discoloration of the wash 
water is slower and more faint. The cultures are 
carried through 2 washings of 15 minutes each 
after the last wash water appears entirely color- 
less. The cultures should not be left in water 
overnight, as the hematoxylin stain deteriorates. 
If necessary, it is much better to pass the cultures 
up through the alcohols and leave them in one 
of the special dehydrating mixtures, 


DISSECTION OF THE CULTURE 


During the later stages of washing, since fluid 
changes are less frequent and consequently require 
less of the operator's attention, the cultures may 
be trimmed. Each culture in turn is poured, under 
water, Into a shallow petri dish; and then, under 
a very low power objective of the dissecting micro- 
scope, excess clot is cut away from the edge of the 
culture. A free edge of several millimeters of 


“cell-free clot should be left at the periphery of the 


culture since, if this is not done, light enters the 
objective from around the cut edge of the clot. 
when the peripheral cells of the culture are being 
examined microscopically. This extraneous light 
Hoods the objective and so obscures the clarity of 
the image. 

Where cell growth has been extensive along both 
Huid and glass interfaces of the fibrin clot, it is 
usually advisable to split the culture lengthwise so 
that one-half the culture may finally be mounted 
with the cells of the fluid interface up. When the 
central explant area of the culture is so thick that 
the cover slip will rest upon it, this area may be 
(lissected out and discarded. 

If a finer dissection is desired for any special 
purpose, it may be carried out when the culture is 
in toluene and is consequently more transparent. 


DEHYDRATION, CLEARING, AND MOUNTING 


The cultures are dehydrated through 35, 50, 65, 
50, and 95 percent, and absolute alcohols and then 
passed through six clearing mixtures® at least 10 
minutes being allowed for each. When ready to 





* Clearing solutions used are as follows: 


Solution designation__- —- a 1 2 3 4 5 6 
Percent absolute alcohol _ 7O 50 2d 0 0 0 
l’ercent acetone... _ oe waa = 6S 0 
Percent toluene__ 5.25 6h 67S OH 100 
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mount, a rectangular paper cell? is placed on a 
clean 25- x 75-mm. slide, and an excess of clarite 
solution *® is placed in the chamber so formed. 
Each half of the culture is then removed from the 
toluene, placed in the clarite, and covered with 
the clarite solution as rapidly as possible to pre- 
vent drying. The clumps are then arranged and 
oriented with their correct surfaces up, in the clar- 
ite solution in the paper cell. A 24- x 50-mia. No. 1, 
or preferably No. 0, cover slip moistened with a 
little clarite is then slowly lowered and slid onto 
the paper-cell preparation in such a way as to drive 
out all air from the preparation. When the paper 
cell is so closed, care should be taken to see that a 


5MM. 2MM. 
a~ AS 


50 MM. 
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Ficgtre 3.—Paper cell used. 


large drop of clarite is left covering the open 
aperture in the paper ring. 


DRYING AND HARDENING OF SLIDES 


The slides are then placed flat on a standard 
slide-drying hot plate held at about 40° C. As the 
clarite hardens, it loses solvent and shrinks and so 
sucks in additional clarite from the clarite drop at 
the aperture of the chamber. Each slide is ex- 
amined daily, and additional clarite is added when 
necessary at the chamber aperture. Air bubbles 
are removed with a needle dipped in toluene. By 
examining with this frequency, relatively little 





7 For use with a 25-x-75-mm. slide and 24-x-50-mm. cover slip, 
a cell of the shape and dimensions shown in figure 3 has given 
best results. The open end of the cell facilitates elimination of 
air and introduction of additional clarite during drying. Such 
cells have been cut from cardboard library-record cards which 
have a thickness of 0.22 mm. It would be advantageous to use 
slightly thinner stock, however, in case thinner cultures, such as 
occur in “roller tube” tissue-culture preparations, are being 
mounted. 

‘This solution consists of 200 gm. of clarite (as sold by the 
Neville C+.. Pittsburgh) dissolved in 100 mil. of toluene. 
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trouble is experienced from sucking air into the 
preparation. 

At the end of about 4 days, the slides have com- 
pleted a necessary preliminary hardening. They 
are then examined, returned to the hot plate, or 
to an incubator at about 38°, and two special lead 
weights * are gently lowered onto the cover slip. 
After adding the lead weights, the slides are ex- 
amined and minor adjustments made periodically, 
once a day for several days, then less and less fre- 
quently, until finally they are examined only about 
once a week. The slides are considered dry and 
are cleaned and permanent labels attached in about 
2 months. All such thick preparations must of 
course be stored flat. 


GENERAL CONSIDERATIONS 
CHOICE OF FIXATIVES 


In working out this procedure for the prepara- 
tion of stained slides from tissue cultures grown 
in Carrel flasks, an attempt was made to obtain 
routine preparations with as little change as pos- 
sible in general cell design, in cell relationships. 
and in nuclear design. For this reason, care was 
taken to fix the cultures with an agent warmed 
to 38°, with as little agitation and chilling as 
possible, and without previous washing with a 
saline solution or with water. 

An extensive number of fixing solutions were 
studied with respect to their action on tissue cul- 
tures. Solutions containing active protein pre- 
cipitants such as Bouin’s fluid and those containing 
mercuric salts such as Zenker-formol were quickly 
eliminated since they caused such a severe precip!- 
tation (probably protein) within the fibrin clot 
that cell structure was obscured. While this effect 
could largely be prevented by a preliminary wash- 
ing of the culture in isotonic saline, the attendant 
hazard of inducing cell change led to abandon- 
ment of these types of fixatives.’° Even when 
precipitation within the fibrin clot by the fixing 
solutions was prevented by preliminary rinsing 
of the culture, a fine, lightly staining granulation 
was often produced within the nucleus. This 
granulation seemed to arise from the precipitant or 
coagulant action of the fixative and complicated 
the interpretation of nuclear structure. Osmic fix- 
atives were abandoned because trouble was experi- 





‘The lead weights are easily made by casting in a wooden 
mold made by clamping together two 2-x-4-inch boards, so that 
the whole makes up a 4-x-4-inch wooden strip of any convenient 
length With an ordinary wood bit, holes ™% inch in diameter 
ind 3 inches long are then drilled along the seam between the two 
boards. These holes are filled with melted lead, and after cooling 
the lead cylinders are taken out by unclamping the boards. Each 
weight is then clamped in the chuck of a lathe, and one end is 
faced off smooth so that when placed upright on the cover slip 
the lead cylinder rests squarely on the cover slip. Each lead 
weight weighs about 260 gm. 

“ Where for any special reason it is desired to use Zenker- 
formol, it is probably better first to give the cultures a short 
wash in warm formol-dichromate rather than saline and then 
replace this with Zenker-formol. 


enced in getting consistent staining after their 
use. The formalin-dichromate fluid here recom- 
mended caused none of these difficulties.” 

The early results with this material were erratic. 
and the cells often showed severe lateral shrinkage, 
particularly when the cultures were sectioned. 
When used for whole mounts, its effects were much 
more uniform. Another source of erratic be- 
havior was eliminated by making up the fixing 
solution from chemically pure formalin and di- 
chromate. (Bottles of formaldehyde showing 
severe precipitation are not used since the concen- 
tration of active formaldehyde gas would be re- 
duced.) Properly prepared, the fixing solution 
showed a pH of about 3.7 as determined by the 
glass electrode. 

The mixture should be discarded as soon as it 
begins to show appreciable discoloration. Deteri- 
oration is greatly accelerated at 38° so that the 
fixative is used at this temperature for only a short 
period to kill the cells, the fixation and hardening 
being completed at 4° to retard further deteriora- 
tion of the solution. 


EFFECT OF PH ON FIXATION 


In view of the recognized effect of pH on the 
action of a fixative and in view of the rather fre- 
quent use of “neutral” formalin for fixation, 
studies were made of formalin-dichromate mix- 
tures acidified by addition of a little chromic or 
acetic acid, and partially neutralized by the addi- 
tion of potassium hydroxide. The shift of pH 
to a more acid level did not improve fixation and 
caused some artifactitious granulation within the 
cell nuclei, while the shift of pH to the range 5-5, 
resulted in a progressively more severely washed 
out nucleus. Use of such neutralized solutions, 
therefore, seems contra-indicated where any ac- 
curacy of nuclear fixation is desired. 

The capacity of the usual Carrel D 3.5 flask is 
about 10.5 ec., of which about 1 ec. is taken up by 
the solid-culture medium, which is heavily buffered 
to about pH 7.3 to 84. When the culture is 
drained of fluid and fixing solution is added to fill 
the flask, the normal pH 3.7 of the fixing solution 
is carried to far more alkaline levels by the buffer- 
ing action of the solid-culture medium. Actual 
experiment showed that the final pH is sufficiently 
alkaline to produce a washed-out appearance of the 
nuclei. To eliminate this, each flask culture was 


1 Culture flasks to which potassium dichromate has been added 
must be carefully recleaned before being returned to use. This 
cleaning is done by heating them in a mixture of 25 percent nitric 
and 75 percent sulfuric acids on a warm steam bath in a hood for 
about 2 days, then rinsing with running water, and finally trans 
ferring to the nitric-sulfurie acid kettles previously described (6). 
This preliminary acid cleaning before the culture flasks are placed 
in the acid kettles serves to eliminate practically all chromium 
from the flasks and so to keep from building up a possibly toxic 
concentration of heavy metal salts in the acid kettles. When the 
culture flasks have contained carcinogen, the flasks must be han 
dled most carefully before cleaning in order to avoid the possi 
bility of disseminating the carcinogen about the laboratory. 
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subjected to repeated changes of the formol-di- 
chromate solution so as to wash out the alkaline 
buffer of the culture medium and rapidly bring the 
pH to a level satisfactory for fixation.” 


HARDENING 


The use of 3 percent dichromate to harden the 
cultures further after fixation is probably not es- 
sential, but it gives the cultures substantially better 
consistency and possibly lessens distortion during 
dehydration and mounting. Cultures not yet com- 
pletely hardened are less brittle and are conse- 
quently easier to remove from the flask following 
fixation and before chroming. The working pro- 
cedure outlined, therefore, follows this order. 


WASHING 


If. through oversight, the cultures have been 
allowed to remain in the fixing solution so long 
that the brownish-yellow color of the fixing solu- 
tion cannot be washed out, this color may be re- 
moved before staining by treating 5 minutes with 
1, percent potassium permanganate, washing the 
culture a short while, treating 5 minutes with 5 
percent oxalic acid, and then washing thoroughly 
before staining. Of a number of methods used, 
the most satisfactory results were obtained by 
using the washer and washing procedure as de- 
scribed. Since the specific gravity of the fixing 
solution is greater than that of water, the fixa- 
tive rapidly settles out through the gauze on the 
specimen bottle and into the tank of running 
water, from which it is rapidly eliminated by 
the drain. After about 1 hour of washing, fixed 
specimens are only a very pale yellow, while after 
12 hours of washing they should be a clear, opal- 
escent white. Such a correctly fixed and washed 
specimen stains very evenly with the hematoxylin 
used. 

As a last step preparatory to staining, specimens 
are placed in a mixture of water, alcohol, and 
glycerin comparable in concentration with that 
used in the stain. This pre-soaking reduces the 
likelihood that the object will float on the surface 
of the stain and dry out. It also results in more 
even staining throughout the whole culture area. 
While the object is soaking in this solution, it is 
very convenient to hold it down by means of a 
disk of plastic (not metal) window screening. 


CHOICE OF STAIN; STAINING 


The stain used is a ferrous-ferric hematoxylin, 
further modified from the formula described by 
Lillie and Earle (5). While the stain as originally 





12 On roller-tube cultures of the usual type, the thinner layer of 
solid-culture medium used would probably necessitate substan- 
tially fewer changes of the fixing solution to establish a satis 
factory pH level. 


described was satisfactory for use with sections, 
when used on tissue cultures its action was erratic. 
This was found to be due to the lack of control 
over the degree of “ripening” of the stain. The 
present method has resulted in much more repro- 
ducible preparations. 

No attempt has been made to follow in detail 
the chemical changes in the staining solution. 
Presumably, the hematoxylin unites with the iron 
to form a lake, the excessive oxidation of which is 
retarded by the addition of the ferrous compound 
and by later addition of glycerin and alcohol. 
That some oxidation of the hematoxylin is neces- 
sary is indicated by the fact that unless the A-and- 
B mixture is allowed to ripen for 2 hours before 
adding C and D, the ripening of the final solution 
to a stage satsifactory for whole mount tissue 
cultures takes from 1 to 2 weeks. That the hema- 
toxylin itself is partially oxidized is also indicated 
by the fact that a usable but slightly overripened 
stain has been prepared by substituting hematein 
for hematoxylin and eliminating the 2-hour rip- 
ening. 

When 1.0 gm. of hematoxylin was used, as called 
for in the final working formula of Lillie and 
Earle (5), some staining of the thick fibrin clot 
occurred. This was eliminated by reducing the 
hematoxylin concentration to 0.9 gm. in the present 
formula, For sections, the use of the 1.0-gm. con- 
centration probably gives more rapid staining, has 
better keeping qualities, and is better suited for 
work with such thin preparations. For further 
consideration of the role of the different constitu- 
ents of the stain, reference is made to the preceding 
articles (4,5, 7). 

No appreciable fading of the stain has been 
noted in mounts several years old. No studies 
have been made relative to varying the composi- 
tion or manner of use of the stain to show cell 
structure other than that of the nucleus. Such 
studies might well be tried, however, since the 
variation of concentration of hematoxylin and fer- 
ric iron gives an extensive range of staining poten- 
tialities. For more difficult staining structures, it 
might be well to explore particularly the activity 
of higher concentrations of hematoxylin, but these 
probably cannot be used with thick plasma clots. 

In trying a number of other stains on these thick 
tissue-culture preparations, a number of difficulties 
were encountered: (1) The stain was often not 
sufficiently selective and diffusely stained the fibrin 
clot. This is the fault of all the counterstains tried 
and holds for stains of more limited selectivity, 
such as the aluminum hematoxylins. (2) The color 
value of the stain proved optically difficult to 
study, as exemplified in the red carmine stains. 
(3) The stains could not be evenly differentiated. 
This trouble has been routinely experienced with 
the various modifications of the usual iron hema- 
toxylins, which must be differentiated in some ac- 
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tive differentiating solution, such as iron-alum 
solution. With the use of such solutions, differen- 
tiation of the cells at and close to the surface of the 
fibrin clot leaves the cells and matrix within the 
preparation too deeply stained, whereas when the 
process is carried sufficiently far to differentiate 
the interior of the object. the cells at the surface 
are too lightly stained. The staining solution de- 
scribed herein seems better in this respect than 
any so far tried. Its applicability to other types 
of thick preparations where cell identification or 
nuclear structure is desired, for instance in whole 
mounts of young embryos, seems worth exploring. 
This stain also has an optical translucence that ts 
satisfactory in both visual and photographie work. 
Its color ranges from deep blue to a deep blue- 
bl ae ‘k. 

During staining and washing the introduction 
of metal objects into the stain or wash solution 
seems to injure the stain. 


DEHYDRATION AND CLEARING 


In the earlier preparations, substantial difficulty 
was experienced in dehydration in alcohol and 
clearing (in benzene, toluene, or xylene) because 
of extreme shrinkage of the object. Practically 
all this shrinkage occurred in the transition from 
alcohol to toluene (benzene or xylene). It appar- 
ently cannot be eliminated or substantially re- 
duced by effecting the transition from alcohol to 
toluene by even very closely graded stages. Shrink- 
age was greatly increased on damp summer days, 
and it was finally found that it could be reduced 
or almost eliminated by using nearly anhydrous 
alcohol. .\ concentration of water in the absolute 
alcohol, which caused no visible cloud when tolu- 
ene was added, could nevertheless cause very severe 
shrinkage when the object was transferred to tolu- 
ene. One instance may be cited. On changing a 
strip of fibrin clot 23 mm. long from water-contain- 
ing absolute alcohol to toluene, the strip shortened 
to 15 mm. within 30 minutes."* When chemically 
pure acetone was used instead of alcohol, shrink- 
age was negligibly slight. Substitution of acetone 
for the alcohol was found to be hazardous, how- 
ever, since it increased the chance that the speci- 
men would dry during the manipulations in chang- 
ing from one concentration of acetone to the other, 
partic ularly in the higher acetone concentrations. 
Since toluene evaporates less readily than acetone, 
the difficulty was finally eliminated by carrying 
the specimen up through absolute alcohol, then 
through the series of clearing mixtures described 
previously. The use of these mixtures made pos- 
sible the routine dehydration of the preparation 


Such fibrin strips cut from the clot of flask cultures fixed as 
described have proved most sensitive shrinkage-test objects. <A 
similar test-fibrin strip was used in a study of the action of 
Bouin's solution. In this study, the test strip shrank in about 1 
hour from a size of 20 x 10 mm, to 15 x 7.5 mm. during fixation. 


by alcohol and its final transfer over to toluene 
(or xylene) with a minimum of shrinkage or de- 
formation. An actual test of the shrinkage dur- 
ing this process showed that a test fibrin strip 
shrank from 22 to a final length of 21 mm. 


MOUNTING 


Clarite as a mountant for these preparations has 
been found much superior to balsam in that it is 
practically colorless and is much more inert in its 
influence on the stain. 

The drying of the mounted preparation before 
adding the lead weights of the cover slip allows a 
preliminary hardening of the clarite which pre- 
vents the lead weights from squeezing the paper 
chamber out from under the cover slip. It also 
allows the evaporation of much of the solvent from 
the thick laver of clarite, while the cover slip is 
floating free on the clarite. Elimination of the 
solvent tends to pull the cover slip down closer to 
the slide instead of sucking air into the cell. as 
would be the case if the cover slip were already 
resting solidly on the paper cell. Such prelim- 
inary drving may be carried out with the slide level 
on a slide warmer or in an incubator set at 40° to 
o &. 


EXAMINATION OF PREPARATION 


The final preparations are about 0.45 mm. thick 
measured from the top of the slide to the top of the 
No. 1 cover slip. This thickness allows examina- 
tion of the whole thickness of the culture with 
either an 8-mm. apochromatic objective, a 5.5-mm., 
0.65 N. A. achromatic objective, or a 4-mm., 0.65 
N. A. achromatic objective. A 3-mm., 14 N. A. 
apochromatic objective is practically limited to the 
uppermost sheet of cells of the culture; but since 
most of the cells are at the glass and fluid interfaces 
in the culture and since the culture is split in half 
(the two halves being mounted with different faces 
up). even with this high resolution objective. a 
large percentage of the cells in the culture may be 
studied. For most detailed high-power work with 
these preparations, the author prefers the 3- or 
4-mun. immersion objective of 0.85 to 1.0 N. A.. 
usually sold for use with the dark-field con- 
denser. When used with 15 compensating ocu- 
lars, its magnification and resolution are adequate 
to handle any structure which may reasonably be 
studied in such whole-mount preparations, while 
the free working distance of 0.22 mm. (with the 
Zeiss 3-mm., 1.0 N. A. immersion Apochromat ) to 
0.27 mm. (with the Bausch & Lomb 4.3-mm. fluorite 
oil-immersion objective *) allows the examination 
of cells practically half way down through the 
preparation. Below this depth. the diffusion of 

“Information has just been received that this objective can 


be obtained on special order with a free working distance of 
0o.5 mm. 
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light by the clot interferes with the perfection of 
the image. When an achromatic objective is used, 
because of its longer free-working distance as com- 
pared with that of the apochromat, the optical 
image may be made considerably clearer through 
elimination of color fringes by using such a filter 
as the green Wratten B (No. 58) or the yellow 
Wratten G (No. 15) inthe light beam. The latter 
is frequently used with these stained preparations. 

In examination of such stained preparations a 
light source comparable in intensity with the 
§-volt, 108-watt, ribbon-filament microscope re- 
search lamp, adjusted for critical illumination, is 
satisfactory ; although for some more densely cellu- 
lar areas a more intense source of light, such as 
the enclosed tungsten-bead are, is often a great 
help. 


When hanging-drop cover-slip preparations of 
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cells growing in tissue culture are studied in order 
to obtain a maximum of cell detail with high reso- 
lution lenses, the general procedure of fixation and 
staining outlined gives extremely satisfactory 
results, 

SUMMARY 


A method is described for making whole-mount 
preparations of tissue cultures, grown in Carrel D 
3.5 flasks. The method involves fixation in forma- 
lin-potassium dichromate solution of controlled 
pH, hardening in 3 percent potassium dichromate, 
staining in a “ferrous-ferric hematoxylin solution 
spec ially modified for staining thick preparations, 
dehydrating in alcohols, clearing i in special mix- 
tures of alcohol, acetone. and toluene, and mount- 
ing in paper cells in clarite. Slides are seasoned 
at about 40° C. for about 60 days, the cover glasses 
meanwhile being pressed down by lead weights. 
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